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INTRODUCTION. 



In the case of many mechanical inventions, it has 
often happened that the machine left the hands of its 
inventor in its most comphcated and cumbrous form, 
and it remained for the pra ::tical man and operator 
afterward to simplify it, without reducing the advan- 
tages of the mechanism as a whole, but rather 
increasing its efficiency. Thus, in the process of 
time, the machine, once complex and confusing in its 
many parts, became shorn of its excrescences, and 
simplicity rather than complexity characterized its 
construction. Such, however, has not been the case 
with the locomotive; early types were entirely lacking 
in the many appliances that now play so important a 
part in its operation, and which form the subject of 
this volume. 

Time was, within the memory of many engineers, 
shopmen and others connected with the mechanical 
department of railways, when the contents of this 
Volume could have been included in a brief pamphlet. 
In the early days there was nothing in the cab but the 
gauge cocks, throttle and reverse lever; upon the 
outside the attractive features were mainly rings, 
bands, and casings of polished brass, upon which the 
fireman lavished much time and labor in burnishing. 
To-day the locomotive engineer finds in his cab close 
at hand a multitude of appliances with which he must 
be famiUar in order to be the master of his machine 
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INTRODUCTION: 7 

and compel its prompt and unfailing response to his 
behests. Within the radius of his arm are a multi- 
tude of levers and cocks, the touching of which sets in 
motion complicated mechanisms that perform some 
necessary function in the movement of his train. 
Originally, the engineer's control was limited to his 
machine; now he is master of the whole train from 
the headlight on his engine's front to the last truck on 
the rear of his train. With his injector he controls his 
water supply; the automatic lubricator has sup- 
planted the hand oiler; the air pump controls the 
brakes; his steam, air and steam heating gauges 
keep him advised of the needs of his train in these 
directions; his speed recorder tells him what work 
his engine is accomplishing; and so on. Each of 
these appUances, and many others treated of in this 
volume, has come into being to meet some apparent 
need or answer some well defined purpose, and the 
sum of them all has transformed the locomotive from 
the rampant, noisy, spasmodic pigmy of its inventor 
to the graceful, unfailing and swift giant of to-day. 
When it is remembered that it is but a part of the 
locomotive engineer's or fireman's business to be 
informed as to the construction, operation and care of 
these and many other appliances, it is not surprising 
that he should be classed among the most skilled 
artisans of the age. 

It is essential that the engineer, fireman, shopman 
and mechanical student of railways should be famiUar 
with the construction and operation of each of the 
subsidiary machines and devices, that, taken 
together, form the perfect modern locomotive, if he 
hopes to attain success in his profession, and the aim 
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of this work will be achieved if it makes the purpose, 
construction, operation and maintenance of loco- '■} 
motive apphances now in general use more clear to > 
those interested. ' 

Any treatise on designs, special attachments or . 
inventions such as the locomotive appliances - 
described herein, nlust necessarily be largely tech- ^ 
nical, else it would be untrue to its purpose, but I 
have not deemed ,it necessary to burden this book 
with mathematical formulas understandable only by 
those who have been initiated into the higher branches 
of mathematics. Indeed, my object has been to 
make this treatise so clear and simple that the 
youngest fireman may comprehend its statements. 

In the compilation of this work I have had the 
benefit of the active advice and invaluable assistance 
of Mr. Edward Williams Pratt, Mechanical Engineer, 
a man of talent, and recognized authority on loco- 
motive appliances, and who, in that connection, has 
been for many years a trusted and highly honored 
ofiicial of one of the largest and best managed rail- 
ways of the world. 

In conclusion, I would state that this volume is 
intended as a supplement to my larger and more 
comprehensive work, "The Science of RaiLt 
WAYS,'' which takes lip the whole field of railway 
operation, and in which the duties of engineers and 
firemen, the operation of the locomotive, the air- 
brake, etc., are carefully set forth.* 

M. M. KiRKMAN. 



*§ee advertisement at ^nd of boplc. — Pubushei^. 
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the condensation to get out of the engine. It is most 
important to have dry steam. 

Remove the plug in the top of the engine once or 
twice per month and pour in a Uttle black oil. This 
will prevent corrosion of parts. The inside bearing 
only needs enough oil in the bottom for the loose ring 
to touch the oil and carry up on top of the shaft. If 
too much oil is used it will be thrown out of the ends 
of the cellar by the motion of the locomotive, which 
may ruin the armature. The outside bearing should 
be filled each trip. Valve or cylinder oil should be 
used in these bearings. 

Round house inspectors should pull out one of the 
lead wires from the dynamo to lamp, turn on steam 
and take the speed. If the speed is above 2,500 revo- 
lutions per minute, the governor valves (No. 88, Fig. 
2) are cut and should be "ground in" or faced off to 
make a perfect seat. This should be done once a 
month. If the valves become cut too badly the 
engine will "run away" and be broken by centrifugal 
force. 

The Dynamo — Its construction, care and mainte- 
nance. — The dynamo is constructed on the latest 
scientific principles, and the electrical balance is so 
perfect that no sparks should be seen at the brushes. 
The armature is held in place on the engine shaft by 
one screw which can be easily taken out if occasion 
demaiids. The brushholders are fixed, and the 
brushes can be taken out and replaced without chang- 
ing the tension of the springs. A graphite brush is 
used for the top and a carbon brush for the bottom, 
and if they be given only a few moments' care each 
trip, there will be no trouble at all when on the road. 
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The mica between the copper strips of the com- 
mutator should always he, a trifle below the surface. 
If it gets too high, file it down with a small file. Do 
not get it too low, as it will collect dirt, etc., and cause 
a short circuit. 

r 

Be sure and have the brushes fit perfectly en the 
commutator. If they have poor contact, the brushes 
will spark. If the commutator is running dark and 
has the appearance of getting rough, clean it up. To 
do this nicely, remove the brushes and with a strip of 
No. sand paper (not emery paper), about the width 
of the brushes, holding by the ends of the sand paper 
on the commutator while running. Do not press 
the sand paper on with the fingers, for if there are 
any low spots they will increase in size. 
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1 Main Casting. 5 rows Buckets. 

2 Wheel, 5 rows Buckets. 
2i Wheel, 4 rows Buckets. 

3 Engine Cap. 

5 Box Yoke. 

6 Oil Cover, outside. 
6i Oil Cover, inside. 

7 Pole Pieces. 

8 End Thrust. 

9 Brass Yoke. 

10 Top Brush Holder. 

1 1 Bottom Brush Holder. 

12 Commutator. 
12i Armature Spider. 

13 Commutator Ring. 

14 Dynamo I>oor. 
14^ Name Plate. 

15 Commutator Nut. 

16 Outside Washer. 

17 Long Bushing. 
J8 Short Bushing. 

20 Stuffing Box. 

21 Gland Nut. 
22* Oil Ring. 

25 Top Field Washer. 

26 Bottom Field Washer. 

27 Dynamo Feet, old style. 

28 Binding Post, large hole. 
28* Binding Post Nut. 

29 Binding Post, small hole. 

30 Qovernor Weight Clamp. 
SOi Qovernor SAddle 8or«w, 



31 Governor Weight. 

32 Spring Clamp. 

33 Cast Iron Washer. 

34 Connecting Link. 
36 Governor Stand. 

36 Cross Arm. 

37 Center Piece. 

38 Bronze P'unger, or Governor 

Valve. 

39 Graphite Rin^. 
41* Governor Sprmgs. 
42 Cap Spring. 

45 Armature Lock Scr(5W. 

46 Cap Screw. 

47 Cap Screw. 

68 Binding Post Screw, 

97 Insulation Washer. 

97* Insulation. ^ 

101 Main Casting, 4 rows Buckets. 

105 Dynamo Feet, new style. 

110 Brush Spring Adjusting Screw. 

111 Connecting Screw for Inc. Wire. 

112 Connecting Screw for upper field. 

113 Brush Spring. 

114 Bru.sh Clamp Spring. 

115 Insulating Bushing. 

116 Brush Clamp. 

117 Governor Spring Ad j usting Screw. 

118 Oil Cover. Set Screw. 
123 Top Field Cover. 
162 Top Field, complete. 
162* Bottom Field, complete. 
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If the brush tension spring is too tight, it creates 
friction, heat and unnecessary wear, both to the 
commutator and the brushes. If too loose it will 
spark and the commutator will not run clean. It 
should be just tight enough to prevent sparking. In 
this case a little judgment must be used, for if the 
brushes are not in the proper condition or the com- 
mutator smooth and true, there will be sparking at 
the brushes, no matter how much pressure is used. 
Do not forget that the commutator is the vital part of 
all dynamos, and none will run successfully without 
regular care and attention. The voltage of the 
dynamo is entirely too low to force a current through 
any portion of a man's body, so it may be handled 
freely without danger. A few moments' attention 
should be given each day to keep the plant in perfect 
condition. Failing to follow these instructions, the 
Ught may fail. 

If the commutator becomes rough or out of round, 
it should be trued up in a lathe. The tool used must 
be very sharp, and light cuts must be taken; then 
polish it with fine sand paper. It must be carefully 
examined to see that no two sections touch, as the 
copper is liable to lag or burr from one section to the 
other, and before putting it back, it would be better 
to cut or file the mica (between each section) a little 
below the surface, for it does not wear away as fast 
as the copper, and if the mica is not cut away, it may 
lead to sparking. After doing this, be sure no ragged 
edges of copper stick up, for this will cut away the 
brushes rapidly. The speed of the armature should 
be as near 1,800 revolutions per minute as possible, 
unless the copper electrode burns off, when it should 
be reduced. 
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Sparking is caused from poor contact or none at all, 
which necessitates the current passing through the 
intervening space, thus producing a flash or spark. 

The Lamp is simple, durable and reliable, and 
after a few trials it will be found an easy matter to trim 
it in the dark, should occasion demand. In putting 
in the top carbon, it will prove much better to remove 
the carbon holder (Nos. 87 and 88, Figs. 3 and 4) from 
the sUde (No. 100). After securing the carbon in the 
holder, take it between the thumb and fore-finger and 
with the remaining fingers resting on the guide (No. 
100) it can easily be put in place. If it is desired to 
clean the reflector, remove only the top guide (No. 
100) by loosening thumb-nut (No. 79) at the end of the 
upper arm; then the guide, carbon and carbon-holder 
can easily be removed. 

The tension spring (No. 93) in the lamp is for two 
purposes. It brings together the points of the car- 
bons, so as to establish the arc when the dynamo is 
set in motion, for there must be a complete circuit 
before any current may be had. If the carbons are 
separated only a small fraction of an inch, the lamp 
will refuse to work, because the current will not jump 
across the separation. Sometimes there will be a 
deposit of scale on the point of the lower copper elec- 
trode which prevents the top carbon touching the 
copper and as the current will not go through this 
scale, no Ught will be had until it is removed. It is 
suggested that engineers see that the point of copper 
is clean before each trip. 

Suppose all wires are connected and the lamp prop- 
erly trimmed; turn on the steam and set the armature 
in motion. The current enters the lamp and passing 
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through or around solenoid magnet (No. 65) draws 
down the iron armature (No. 64). This in turn 
separates the carbons, thus forming the arc or Ught. 
It will be noticed that the spring is secured to the end 
of lever (No. 60) toward the carbons, or on the opposite 
end from the magnet and pulls against it. This pre- 
vents solenoid No. 65 from pulling the carbons too far 
apart. The volume of light will depend largely on 
the way this tension spring is regulated. It may oe 
so tight that the magnet will be unable to separate the 
carbons, consequently there will be no light. If the 
dynamo be run too long while the lamp is this way, 
the armature will be burned out or the fields for the 
current become very heavy. 
If the tension spring (No. 93) is very loose, the lamp 
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28 

28i 

29 

40 

40^ 

41 

50^ 

5U 

.52 

.53 

.54 

5,5 

.56 

.5S 

.58^ 

59 

60 

61 

62 

63 

63^ 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 



Binding Post, large hole. 

Binding Post Nut. 

Binding Post, small hole. 

Reflector Bottom Clamp. 

Reflector Top (.'lamp. 

Reflector Support. 

Lamp Base. 

Lamp Column. 

Large Bottom Clamp. 

Small Bottom Clamp. 

Hand Nut. 

Hand Washer. 

Top Bracket. • 

Tension Si)ring Screw. 

Tension Screw Nut. 

Top Lever. 

Small I^ever. 

Da-sh Pot. 

Magnet Insulation. 

Magnet, I^ng Link. 

Magnet, Short Link. 

Magnet. 

Solenoid. 

Bottom Flexible Wire. 

Top Flexible Wire. 

Binding Post Screw. 

Top I^ver Screw. 

Bottom Cluide and Tube. 

Middle Telescope Tube. 

Top Telescope Tube. 

.Malleable Iron Tip. 

Set Screw. 

Top Clutch Spring Screw. 

2 



75i Top Clutch Screw Nut. 

76 Screw Eye. 

77 Clutch. 

78 Clutch Rod Weight. 
78i Clutch Rod. 

80 Top Bracket. 

81 Thumb Screw. 

82 Clutch Foot. 
82i Clutch Foot Rod. 

83 Upper Guide Bracket. 

84 Middle Guide. 

85 Lower Guide Bracket. 
96f Mica Insulation. 

87 Top rVirbon Clamp, male. 

88 Carboii Clamp, female. 
88i Carbon Holder Connecting 

89 Upper Guide. [Washer. 

90 Magnet Yoke. 

91 ('arbon Holder Spring. 

92 Top CMutch Spring. 

93 Tension Spring. 

94 Upper Tele.scope Tube Spring. 

95 Lower Telescope Tube Spring. 

96 Upper Insulation Fibre. 
96i Lower Insulation PMbre. 

97 Insulation Wa.sher. 
97^ Brass Plate. 

98 Vertical Adjusting Screw. 

99 Vertical Adjusting Nut. 

119 Guide Screw. 

120 Solenoid Screw. 

121 Reflector Clamp Screw. 
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will flash and go out, for the magnet will be drawn 
down too far. When the light goes out the current is 
broken, and there being no strength in the magnet, 
the spring will again bring the carbons together, 
then the current is instantly re-established. The 
spring should be adjusted so that the lamp will flicker 
just a little when the locomotive is at rest, for then all 
the light possible at a given speed of the armature is 
being obtained, and the light will burn steady when 
locomotive is running. 

The wires leading back to the incandescent lamps 
may come together, causing a short circuit. This 
will put the light out. It may be known when this 
occurs, for the dynamo will be generating a heavy 
current, the speed will be quite low, and there will be 
a small light in the lamp. In this case, disconnect 
one of the small wires from No. Ill, Fig. 2, then when 



Top Lever Screw. 
Set Screw. 
Clutch Rod Weight. 
Clutch Rod. 
Thumb Nut. 
Thumb Screw. 
Carbon Clamp, male. 
Carbon Clamp, female. 
Magnet Yoke. 
Carbon Holder Spring. 
Top Clutch Spring. 
Tension Spring 
Insulation Fibre. 
Insulation Washer. 
Vertical Adjusting Screw. 
Vertical Adjusting Nut. 
Upper Carbon Holder. 
Clutch Foot. 
Clutch Foot Rod. 
Lower Electrode Holder. 
Adjusting Screw. 
Lock Nut. 
Copper Electrode. 
Solenoid Screw. 
Reflector Clamp Screw. 
Clutch Weight Screw. 
Electrode Holder, complete. 
Top Carbon Holder, complete. 
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28 Binding Past, large hole. 


69 


28^ Binding Post Nut. 


74 


29 Binding Post, small hole. 


78a 


40 Reflector Clamp, bottom. 


78b 


40^ Reflector Clamp, top. 


79 


4 1 Reflector Support. 


81a 


44 Clutch. 


87 


49 Extension Base. 


88 


50§^ Lamp Base. 


90 


5l|^ Lamp Column. 


91 


52 Bottom, large clamp. 


92a 


53 Bottom, small clamp. 


93 


54 Hand Nut. 


96 


55 Hand Washer. 


97 


57 . Top Bracket. 


98 


58 Spring Tension Screw. 


99 


58^ Spring Tension Nut. 


100 


59 Top Lever. 


102 


60 Small Lever. 


102a 


61a Dash Pot. 


106 


61b Dash Pot Plunger. 


107 


62 Magnet Insulation. 


108 


63 Magnet. Long Link. 


109 


63^ Magnet. Short Link. 


120 


64 Magnet. 


121 


65 Solenoid. 


122 


66 Binding Post Screw. 


200 




300 
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sufficient time is had the cause of the trouble may 
be located. 

Most of the troubles are traceable to the adjustment 
of the lamp. 

If the carbon feeds too fast, the clutch rod (No. 
78 b) should be adjusted so it will not have so much 
lost motion, or travel, before the clutch (No. 44) grips 
the carbon. Sometimes this trouble can be overcome 
by making the clutch spring (No. 92 a) stronger. To 
do this, remove cotter pin from No. 100 a and remove 
spring No. 92 a from the casing. Then pull it out a 
little, thereby giving it more "set". Again, by short- 
ening wire No. 63, the magnet (No. 64) is held further 
out of the solenoid (No. 65) giving it more strength to 
clutch the carbon, and will prevent the jar of the 
locomotive from jarring the carbon through the clutch 
faster than it burns. 

If the wire (No. 63) is too short the lamp will jump. 

If the light burns green it is burning upside down, 
and the binding posts (Nos. 28 and 29, Fig. 2) must be 
reversed on the dynamo. To do this, remove binding 
posts No. 28 and No. 29, in lower brush holder (No. 11), 
then put No. 29 where No. 28 was and No. 28 where 
No. 29 was, being careful not to disturb insulator (No. 
97andNo. 97%,Fig. 2). 

The lamp may be moved in all directions for focus- 
ing. To get the proper vertical focus on the track, 
either to have the light close or to strike the track far 
ahead, loosen the set screw No. 74 on the side, and by 
turning the adjusting screw (No. 98) the lamp can be 
raised or lowered as desired. To move it sideways, 
backwards or forwards, loosen the hand nuts (No. 54) 
and the lamp is free to move. 
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When once in focus, there is no need of changing 
it again. Tighten all screws. 

The back of the reflector is supported by an adjust- 
able step, with screw to raise or lower it, so the vol- 
ume of the light will come out in parallel lines. 

To Focus the Lamp. — 1. Adjust back of reflector 
so front edge will be parallel with front edge of case. 

2. Have point of copper as ne^^r center of reflector 
as possible. 

3. Have carbon as near center of chimney hole in 
reflector as possible. 

4. Have locomotive on straight track and move 
lamp until obtaining best results on track. The light 
should be reflected in parallel rays and in as small a 
space as possible. 

To lower light on track, raise lamp. To raise light 
on track, lower lamp. 

If the light throws any shadows it is not focused 
properly. 

If the light is focused properly and does not then 
strike center of track do not change focus, but shift 
the entire case on base-board. 

Stiggeslions in the Care of this Headlight. — Have a 
few strips of No. sand paper about lYz inches wide 
on hand to clean up the commutator. 

A special and superior carbon made expressly for 
this apparatus is furnished by the manufacturers. 

If the light fails to burn when turning on steam, see 
that all screws are tight, and that the point of copper 
electrode is clean. Push down on lever No. 90 and 
see if the carbon lifts up and falls freely. Put a carbon 
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across both binding posts, No. 28 and No. 29, Fig. 2, 
and if there is a flash when it is removed, the dynamo 
is all right and the trouble is in the lamp. If a flash 
is not observed when carbon is removed, take out the 
brushes and clean the commutator with sand paper 
(not emery paper), put the brushes back and try the 
carbon again. If no flash is then obtained, there is a 
"short" circuit. This is probably caused by wires 
touching each other and the dynamo must not be run 
until this is remedied. 

Keep all screws tight. 

If the light goes out momentarily on the road, the 
fault is probably in the carbon, and another carbon 
should be tried. 

After putting in a new carbon, always push down 
on lever No. 90 and notice if carbon lifts and falls 
freely. If it does not lift, it is not in the clutch. No. 44. 
If it does not fall down freely, turn it partly around 
and find the freest place. 

The carbon should burn from eight to nine hours. 

Engineers should be held responsible for the proper 
care of the equipment unless some one is appointed to 
examine and care for them at round houses. 

Before leaving for a trip the apparatus should be 
started and the brushes examined as to tension of 
the brush springs (No. 113, Fig. 2), and adjusted if 
necessary before getting out on the road. 

This apparatus is not automatic, knd as there are 
quite a number of enemies to electricity on the locomo- 
tive such as grease, dirt, jar, heat, etc., it is necessary 
to give it a few minutes' attention every day. If this 
be done failures on the road will be infrequent. 
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Attempt should not be made to remove the reflector 
from the case until after removing the top carbon 
holder (No. 100) by loosening thumb nut No. 79, Fig. 4. 

If the copper electrode burns off, the equipment is 
running too fast, and the speed should be reduced by 
turning screws No. 117, Fig. 2, to the left until the 
trouble is stopped. Care should be exercised to 
adjust all screws (No. 1 17) the same, as nearly as 
possible. One-half turn of screws will change speed 
about 100 revolutions per minute. 

It is best to adjust tension spring (No. 93) as loosely 
as possible and not have the light go out while the 
locomotive is standing still. 

If the light dies down when the locomotive is ruur 
ning fast, the tension spring (No. 93) may be too tight, 
which prevents solenoid (No. 65) from separating 
carbons sufficiently to form proper arc, or spring (No. 
92) may be too loose, allowing back edge of clutch 
(No. 44) to be jarred up and release the carbon. 

An oval, bent glass for the headlight case is espe- 
cially recommended. 



ELECTRICAL TERMS EXPLAINED. 

As there are many men who have no definite idea of what elec- 
tricity really is, and as a slight knowledge is necessary to properly 
care for electric headlight equipment, and to get the best results 
therefrom, a few *extracts from the A B C of electricity, in simple 
language and terms familiar to nearly all. are here given, so they may 
be very readily understood, and will be of interest to those using 
electric headlights. 



♦These extracts are taken from the Pylo instruction book, and are 
necessarily very brief. For a full explanation of electrical terms the 
reader is referred to ** The Science of Railways. " 
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DEFINITIONS. 

The three first measurements in eleetrieity are: 

The volt. The ampere. The ohm. 
These are explained hh follows: 

The Volt — Tliis term may be better umlerstood by making a 
comparison with something you all 
know of. Suppose we have a tank 
containing 100 gallons of water and 
wc want tO'diseharge it through a 
half-inch pipe at the bottom of the 
tank Suppose, further, that we 
want to make the water spout up- 
ward, and for this puq>ose the pijic 
is bent upward as in Fig. 5, ' 

If you opened the tap the water 

'■^'^ would spout out and upward br in 

Fig 5 The cause of its spouting upward would be the weight or 

pressure of the water m the tank This pressure is reckoned as so 

many pounds to the square ineh of water. 

Now, if the lank were placed on the roof of a house and the pipe 
brought to the ground, as shown i[i Fig. 6, the 
water would spout up very nmcli higher, be- 
cause there would be many more pounds of 
pressure on account of the height of the pipe. 
So the force or pressure of water is meas- 
ured in pounds, and therefore a pound is the 
unit of pressun, or force of water. Now, in 
elutncity the unit of pressure oi force is 
called a ^olt This word "volt" docs not 
mean any wught, as the word "pound" 
weight does If \o\x have a pound of water 
% ou must liai i somellnng to hold it, iKJcause 
it has wught, anil consequently occupies 
6ome space I!ut electricity itself has no 
wdght, and therefore cannot occupy any 

Wlieii we desire to carry water into a house 
or cilhor building we do so by means of pip<'s, 
liEiually nmile of iron. The principal supply Fia.t- 
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usually comes from a reservoir wliich is placed on high ground so as 
to give the necessary pounds of pressure to force the water to the 
upper part of the houses. If some arrangement of this land were 
not made we could get no water in our bedrooms, because water will 
not rise above its own level unless by force. 

The water cannot escape as long as there are no holes or leaks in 
the iron pipes; but if there should be the slightest crevice in them 
the water will run out. 

In electricity we find similar effects. 

The electricity is carried into houses by means of wires, which are 
covered or insulated with various substances — such, for instance, as 
rubber. Just as the iron of the pipes prevents the water from 
escaping, the insulation of the wire prevents the escape of the elec- - 
tricity. If we were to cause the pounds of pressure of water in pipes 
of ordinary thickness to be very greatly increased the pipes could 
not stand the strain and would burst and the water would escape. 
So it is with electricity. 

If there were too many volts of pressure the insulation would not 
be sufficient to hold it, and the electricity would escape through the 
covering or insulation of the \\ire. 

It is a simple and easy matter to stop the flow of water from an 
ordinary faucet by placing your finger over the opening. As the 
water cannot then flow, your finger is what wc would call a non- 
conductor, and the water will be retained in the pipe. 

The same effect is obtained in the case of electricity. If you 
place some substance which is practically a non-conductor or insul- 
ator, such as rubber, around an electric wire, or in the path of an 
electric current, the electricity acted upon by the volts of pressure 
cannot escape, because the insulation keeps it from doing so, just as 
the iron of the pipe keeps the water from escaping. Thus the volt 
does not itself represent electricity, but only pressure which forces 
it through the wire. 

There are other words and expressions used in connection with 
electricity which are sometimes tussociated with the word volt^ 
Tliese words are pressure and intensity. You might say, for in- 
stance, that a certain dynamo machine had an electro-motive force 
of 110 volts, or that the intensilv of a cell of batterv was two 
volts, etc. 

We might mention, as another analogy, the pressure of steam in a 
boiler, which is measured pr calculated in pounds, just as a pressii»'e 
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of water is measured. So you might say that 100 pounds of steam 
pressure used through the medium of a steam engine to drive a 
dynamo could thus be changed to electricity at 110 volts pressure. 

'Jhe Ampere — In comparing the pounds pressure of water with 
volts of pressure of electricity we used as an illustration a tank of 
water containing 100 gallons, and we saw that this water had a 
downward force or pressure in pounds. Let us now see what this 
pressure was acting upon. It was forcing the quantity of water to 
spout upward through the end of the pipe. The pounds pressure 
of water acting upon the 100 gallons would force it out at a certain 
rate, which, let us say, would be one gallon per minute. 

This would be the rate of flow of water out of the tank. Thus we 
find a second measurement to be considered in discharging the water 
tank. The first was a force or pounds of pressure, and the second 
the rate at which the quantity of water was being discharged per 
minute by that pressure. 

This second measurement teaches us that a certain quantity will 
pass out of the pipe in a certain time if the j)ressure is steady, such 
quantity depending, of course, on the size or friction resistance of 
the pipe. In electricity the volts of pressure act so as to force the 
quantity of current to flow through the wires at a certain rate per 
second, and the rate at which it flows is measured in amperes. For 
instance, let us suppose that an electric lamp required a pressure of 
100 volts and a current of the ampere to light it up, we should have 
to supply a current of electricity flowing at the rate of one ampere, 
acted upon by an electro-motive force of 100 volts. 

You will see, therefore, that while the volt does not represent any 
electricity, but only its pressure, the ampetre represents the rate of 
flow of the current itself. 

You should remember that there are several words sometimes 
used in connection with the word ampere. For instance, we might 
say that a lamp requires a current of one ampere or that a dynamo 
would give a *' quantity " of twenty amperes. 

The Ohm — You have learned that the pressure would discharge 
the quantity of water at a certain rate through the pipe. Now, sup- 
pose we were to fix two discharge pipes to the tank, the water would 
run away very much quicker, would it not? If we were to try and 
find a reason for this, we should see that a pipe can only, at a given 
pressure, admit so much water through it at a time. 
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Therefore, you see, this pipe would present a certain amount of 
resistance to the passage of the total quantity of water, and would 
only allow a limited quantity at once to go through. But if we were 
to attach two or more pipes to the tank, or one large pipe, we should 
make it easier for the water to flow, and therefore the total amount of 
resistance to the passage of water would be very nmch less and the 
tank would be quickly emptied. 

Water has substance and weight, and therefore occupies some 
bpace, but electricity has neither substance nor weight, and therefore 
cannot occupy any space; consequently to carry electricity from one 
place to another we do not need to use a pipe which is hollow, but a 
solid wire. 

These solid wires have a certain amount of resistance to the pas- 
sage of electricity, just as the water pipe has to the water, and (as it 
is in the case of the water) the effect of the resistance to the passage 
of electricity is greater if you pass a larger quantity through than a 
smaller quantity. 

If you want to carry a quantity of electricity to a certain distance 
and for that purpose use a wire, there would be a certain amount of 
resistance in that wire to the passage of the current through it; but 
if you use two or more ^vires of the same size, or one large wire, the 
resistance would be very nmch less and the current would flow more 
easily. 

Suppose, instead of einptying the water tank from the roof 
through the pipe, we just turned the tank over and let the water pour 
out at once down to the ground. That would dispose of the water 
very quickly and by a short way, because there would be no resist- 
ance to its passage to the ground. Suppose we had an electric bat- 
tery giving a certain quantity of current, say five amperes, and we 
should take a large wire that offered no resistance to that quantity, 
and put it from one side of the battery to the other, a large current 
would flow at once and tend to exhau^it the battery. This is called 
a short circuit because there is little or no resistance, and it provides 
the current with an easy path to escape. Electricity always takes 
the easiest path. It will take as many paths as are offered, but the 
largest quantity always takes the easiest. As the subject of resist- 
ance is one of the most important in electricity, we will give you one 
more example, because if you can obtain a good understanding of 
this principle it will help you to comprehend the whole subject. We 
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started by comparison with a tank holding 100 gallons of water, dis- 
charging through a half-inch pipe, and showed you that the pounds 
of pressure would force the quantity of gallons through the pipe. 
When the tap was first opened the water would spout \ip very high, 
but as the water in the tank became lower the pressure would be less, 
and consequently the water would not spout up so high; so if it 
were desired to keep the water spouting up to the height it started 
with, we should have to keep the tank full so as to have the same 
pounds pressure all the time. But if you wanted the water to spout 
still higher we should have to use other means, such as a force 
pump, to obtain a greater pressure. 

If we should use too. many pounds pressure it would force the 
quantity of water more rapidly through the pipe and would cause 
the water to become heated because of the resistance of the pipe to 
the passage of that quantity acted upon by so great a pressure. It 
is the same with electricity, except that the wire itself would 
become heated, some of the electricity being turned into heat and 
lost. If the wire were too small for the volts pressure and amperes 
of current of electricity, the resistance of such wire would be over- 
come and it would become red-hot and perhaps melt. Electricians 
are therefore very careful to calculate the resistance of the wires 
they use before putting them up, especially when they are for 
electric lighting, in order to make allowances for the amperes of 
current which flows through thein, so that but little of the electricity 
will be turned into heat and thus render it useless for their purpose. 

The unit of resistance is called the " ohm. " 

All wires have a certain resistance per foot, according to the 
nature of the metal used and the size of the wire, that is to say, the 
finer the wire the greater the number of ohm resistance it has to the 
focTt. Water and electricity flow under very similar conditions, that 
is. to say, each of them must have a channel or conductor, and each 
of them requires pressure to force it onward. Water, however, 
being a tangible substance, requires a hollow conductor, while 
electricity being intangible will flow through a solid conductor. 
The iron of the water pipe and the insulation of the electric wire 
serve the same purpose, viz. : that of serving to prevent escape by 
reason of a pressure exerted. 

There is another term which should be mentioned in connection 
with resistance, as they are closely related, and that is opposition, 
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There is no general electrical term of this name, but as it will be 
most easily understood from the meaning of the word itself, we 
have used it. 

Let us have an example of what opposition would mean if applied 
to water. Probably every one knows that a water wheel is a wheel 
having large paddles or blades around its circumference. When the 
water in trying to force its passage rests against one of these paddles 
it meets with opposition, but overcomes it by pushing the paddle 
away. This brings around more opposition in the shape of another 
paddle which the water also pushes away, and so this goes on, the 
water overcoming this opposition and turning the wheel around, by 
which means we can get the water to do some work for us. 

You must remember, however, that it is only by putting oppo- 
sition_in the path of a pressure and quantity of water we can get this 
work. The same principle holds good in electricity. We make 
electricity in different ways, and in order to obtain useful work we 
put in its path the instruments, lamps or machines which offer the 
proper amount of resistance or opposition to its passage, and thus 
obtain from this wonderful agent the work we desire to have done. 
You have learned that the three important measurements in 
electricity are as follows : 

The volt is the practical unit of measurement of pressure. 

The ampere is the practical unit of measurement oT the rate of 
flow. 

Tlie ohm is the practical unit of measurement of resistance. 



PRESSURE REGULATORS OR REDUCING 

VALVES. 

To reduce from a high initial pressure such as is 
carried on a modern locomotive boiler to a required 
minimum for steam heating or other similar purposes, 
and to always maintain this same minimum pressure 
regardless of, the varying conditions on either side of 
the valve, has always been a problem difficult of 
solution. 

Pressure regulators employing pistons have largely 
been superseded by those wherein flexible diaphragms 
are used. The pistons are more liable to stick and 
clog up, and require to be frequently taken apart and 
cleaned. 

The most perfect regulators thus far constructed 
are those wherein diaphragms and balanced valves are 
employed. By making these of proper proportion a 
comparatively uniform reduced pressure may be 
maintained, provided the supply and demand are 
not too suddenly and widely changed. 

The reason why a uniform pressure is required in 
train heating systems is not so much on account of 
maintaining a uniform temperature (for steam at 30 
pounds pressure is but little hotter than steam at 10 or 
20 pounds pressure) as it is to keep a constant pressure 
sufficient to drive out all the condensation from the 
rear as well as the front cars of a train, and to prevent 
a high accumulation of pressure which is likely to 
burst hose, wherever used, or strain the coupUngs, 
fittings, etc. 

(80) 
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DIRECTIONS FOR THE MANAGEMENT OF STEAM 
HEATING ON RAILROAD TRAINS. 

Rules for Making up Trains. — ^When a train is 
made up, all steam hose should be coupled, and all the 
cocks ill the steam train pipe the whole length of the 
train should be opened. 

When signal is given, steam should be turned on at 
the cab, not to exceed sixty-five pounds, and alloAved 
to blow through the entire length of the steam train- 
pipe. 

After steam issues at the rear end of the train-pipe, 
the rear cock of last car should be closed, and reducing 
valve in cab set to forty pounds pressure. If more 
than eight cars are in the train, add five pounds for 
each additional car. In verv cold weather, the rear 
train-pipe cock should be left open enough to allow a 
little steam to pass, and escape through the rear 
coupling. 

Regulation of Temperature. — ^To heat cars, open 
steam inlet valves on each car, and when live steam 
appears at the drips, set each drip so that a little steam 
escapes with the water. If a trap be used, see that it is 
adjusted to allow a little steam to escape with the 
water. 

Frequently examine traps and drip valves to see 
that they are operating properly. They should be as 
hot as can be borne by the hand. If cooler, or cold, 
they should be opened a trifle, or if steam is blowing, 
closed a little. 

Never close steam inlet valves entirely without first 
opening drip valves or blow-off valve, and allow all 
water to blow out before closing steam inlet valve. 
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When steam is required on a car again, open 
steam inlet valve, and afterwards close drip valves or 
blow-off valve. 

Changing Engines. — When approaching stations 
where engines are to be changed, or terminals where 
cars are to be laid up, five minutes before arriving at 
such stations the rear train-pipe cock must be opened 
wide, and before coming to a stop at such stations, 
the engineer must shut off steam at boiler valve. Do 
not use reducing valve for this purpose. 

If engines are to be changed, trainmen must satisfy 
themselves that steam is shut off at engine before 
uncoupling cars. 

In freezing weather, if cars are to be laid up, or 
stand thirty minutes after engine is uncoupled, the 
hose throughout the train must be uncoupled, and all 
drip valves or blow-off valves opened. 

THE MASON LOCOMOTIVE REDUCING VALVE. 

This valve is designed to automatically reduce and 
maintain an even steam pressure for heating cars 
from the locomotive. It is placed in the steam supply 
pipe leading from the boiler to the heating system* 
and regulates the amount of steam passing to the sys- 
tem, allowing only sufficient steam to maintain the 
desired pressure. 

The principle upon which the Mason reducing valve 
works is that of an auxiliary valve, 11, controlled by 
the low pressure in the heating system through the 
medium of a metal diaphragm (23), and admits steam 

* Tlie reader is referred to the excellent chart ''The American 
Locomotive " contained in * 'The Science of Railways. " 
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from the initial sideof the valve, through a port (^W) 
tooperate a piston (17), which in turn opens the 
main valve (16) and admits steam to the heating 
system. 
By referring to the sectional view here shown, it 
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will be seen that the steam enters the valve at the 
side marked "inlet," a small portion of it passing up 
through the auxiliary valve (1 1 ). 

This valve {U ) is forced open by the compression cS 
the large spiral spring (8), acting on the button (10) 
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through the diaphragm (23), so that, in opening the 
valve (11), the diaphragm is also forced down. As 
soon as the valve (1 1 ) is opened, steam passes through 
and into ports (A^ A^) to the under side of piston (17). 
By raising piston (17), the main valve (16) is opened 
against the inlet pressure, since the area of valve (16) 
is only half that of pistbn (17). Steam is thus 
admitted to the system. When the pressure in the 
heating system has reached the required point, which 
is determined by the spring (8), the diaphragm (23) is 
forced upward by the low pressure which passes up 
through port (X) to chamber 0, under the dia- 
phragm, thus allowing auxiliary valve (11) to close, 
thereby shutting off steam from the under side of 
piston (17). The main Vcalve (16) is now forced down 
to its seat by the inlet pressure, shutting off steam 
from the heating system and pushing piston (17) 
down to the bottom of its cylinder. The steam 
beneath piston (17) exhausts freely around it (the 
piston being fitted loosely for this purpose) and passes 
off into the system. 

It will be seen from this that when the pressure in 
the heating system has reached the point at which 
the governing spring (8) is adjusted, the flow of steam 
is automatically checked, and when the pressure in 
the system (and that in chamber O O, under the 
diaphragm,) is sHghtly reduced, the valve will again 
open and supply the required amount of steam. 

Piston (17) is fitted with a dashpot (18), which pre- 
vents chattering or pounding when the pressure is 
suddenly reduced. 

Directions for Attaching^ Regulating and Repair- 
ing. — Place the valve vertically in the steam supply 
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pipe. The steam should flow through the valve in 
the dii:ection indicated by the arrow cast in the side. 
Before connecting the valve, the pipes should be 
thoroughly blown out, in order to expel all dirt and 
chips. If the piping is new, steam should be allowed 
to flow through for some little time, so as to burn off 
all the oil or grease which may be in it. 

When ready to let on steam, turn the wheel at top 
of the valve in the same direction as you would to 
open a globe valve; that is, turn to the left to open 
or admit more steam and to the right to close or 
reduce the pressure. Time must be allowed for the 
system to fill, before the required pressure is obtained. 

If the valve should not maintain a low pressure, it 
will probably be due to the fact that some dirt or chips 
from the piping have lodged in the seat of the valve 

(16). 

To take the valve apart, the tension on the dia- 
phragm spring (8) must^ first be removed by turning 
the wheel as far as it will go, in the direction taken 
by the hands of a watch. Then unscrew the spring- 
case (9), and remove the button (10) and the dia- 
phragm; also remove the cap (22 ), which contains 
the auxiliary valve. The threaded rod which accom- 
panies each valve can then be screwed into the valve 
disc (16 ), which should work easily. Pull out this 
valve and clean the seat. Then insert the rod through 
the valve-stem hole, screw it into the piston (17 ), and 
see if it works up and down easily. It will not be 
found possible to raise and lower the piston (17 ) sud- 
denly, as the dashpot (18 ) will restrain it. If the 
piston (17 ) is found to be stuck fast, remove the dash- 
pot (18 ) at the bottom of the valve, pull out the piston 
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and clean it with fine emery cloth, being careful to 
wipe off all emery before replacing. Before replacing 
the cap (22 ), examine the small auxiliary valve (11) 
and see that it is tight and free from dirt. Be sure 
that the diaphragm (23 ) is perfectly clean, also that 
there is no dirt where it makes its seat. 

The wheel is made self-locking in any position, by 
means of a steel locking pin (25 ), which is forced by 
a spring into any one of twelve recesses in a hardened 
steel plate (5). The valve shoiild be removed during 
the summer. Before replacing, thoroughly clean and 
oil all the parts. 

THE GOLD PRESSURE REGULATOR. 

Fig. 2 shows a sectional view of the Gold steam 
heating regulator. It will be readily seen that this is 
of the diaphragm type with a nearly balanced valve. 

The diaphragm is made of a solid sheet of thin 
phosphor bronze, slightly corrugated at the outer 
edge, with an enlarged flange (0), so that the dia- 
phragm will always keep its original shape. The 
dome (M) of the regulator is solid so that no steam 
would escape into the cab should the diaphragm 
break. The recess shown at »S »S provides a water 
seal in order to prevent any chattering of the valve. 

The regulator is set by means of the handle (/), 
which is perforated in order to keep it cool for easy 
handUng by the engineer. The handle (N) is an 
extension of a lock nut which holds the regulating 
screw firmly in any given position. The set screw 
(H) is provided as a check on the maximum or mini- 
mum amount of pressure required as it can be seen 
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that the play of the spring {L) is controlled by this 
set screw (R). Spring {F) helps to guide the spindle 
(D D) and also tends to more nearly balance the 
valves and make up for any possible gumming of 
valves or spindle. 

Main valve D D \s opened and closed by tne 
movement of the diaphragm. Spring L forces 
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the diaphragm down and the main valve opens and 
remains thus until steam from the outlet side of 
the valve, some of which passes the loose stem D to 
the under side of the diaphragm, closes the main 
valve. 

CLIMAX STEAM PRESSURE REGULATING VALA'E. 

Description. — Steam enters at A, surrounds main 

valve (I), passes the water packing grooves around 

this valve, and bearing against the shoulder carries 
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this valve (I) upward, allowing steam to pass through 
the now raised valve to D, as shown bj' the arrows. 
The reduced pressure steam from B also acts upward 
through ports (3 and 11 ) upon the under side of 
r^ulatinfc piston (6). If spring (7) were set for say 
100 pounds, as soon as the pressun; on the under side 




Climu Steam Preixure ReguUtlns 
Valve. 

of rcgulaling piston (6) reached that amount, it would 
move slifrlitly ui)ward and away from its former con- 
tact with the auxiliary valve (16), thus allowing 16 
to seat in disc (4), thereby preventing the further 
escape of steam from the controlling chamber (13 ). 
Steam from inlet (A) passing through the grooves or 
water packing of valve (1) to chamber (13 ), now seats 
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valve (1) until the pressure at B and consequently 
that below piston (6), drops slightly below 100 pounds. 
Then spring (7) forces down piston (6) and opens 
auxiliary valve (16), thereby permitting the escape of 
pressure from chamber (13) through valve (16), 
ports (11 and 3) to B. The conditions are such 
now, as in starting, that valve (1) is raised for a fur- 
ther supply of steam from A to B, In actual 
operation, where a. continuous flow is being used, 
valvas (1 and 16) are held just sufficiently off their 
seats to maintain a uniform pressure at B. 

The valve shown in the cut is intended for use 
where a large and continuous supply of steam is 
needed, as for running dynamos for train lighting, 
etc. When this valve is to be used for train heating 
only, a projection is made on the bottom of valve (1^, 
as shown by the heavy dotted line, so that only a 
small annular opening is made as the valve starts 
from its seat. 

To obtain greater pressure screw down on" the 
spring (7) by means of the regulating screw (8). 
To obtain less pressure screw up on the regulating 
screw. 

ECLIPSE REDUCING VALVE. 

Description. — Before starting, spring (A) and the 
stem below it have forced down piston (B) and opened 
valves {E E). When steam is turned on at the steam 
heat throttle valve on the boiler head and as soon as 
the reduced pressure at the left hand or outlet side 
which also acts on the under side of piston (B) has 
reached a sufficient amount to over-balance the ten- 
sion in spring {A) , the piston {B) will raise and pull 
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with it the valves {E E), thereby shutting off any 
further supply of steam until the pressure under 
piston (B) again falls below the tension of spring (.4). 
In action this valve does not open wide and then close, 
but assumes a position open only enough to admit a 
uniform supply of steam needed to maintain the 
desired pressure. 



A. RtguUting Sprini 

B. Bsguliitirig Pistua. 

C. Exhnitit Pipe to Aim. 
D-D. Relief Porta. 
E-E. Double Seatcil Val< 
F, R«gu1atini{ Screw. 
a. Lock Nut. 
1. InUC. 
0. Outlet. 




Bclipee Reducing Valve. 



This reducing valve is also made with a double 
piston valve in place of the double bevel seated valves 
\E E), but the latter, as shown in the engraving, is 
more satisfactory, especially for short trains requiring 
but small supply of steam. 
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To obtain greater pressure screw down on F and 
lock with G, or do the reverse if less pressure is 
desired. 

THE TAAFEL PRESSURE REGULATOR. 

This regulator, sometimes called the "Leslie" regu- 
lator, is used largely on locomotives for train heating. 

The engraving here shown gives a sectional view 
throu'^h the center of the valve, whose operation is as 
follows: 

Stealn from the inlet side (R) enters from the right 



Main Valve Spring. 
. . Piston. 

H, BoJy ^TieBulatine Valve. 
Cap of ResulatinsValve. 
ReKulating Valve. 
ReRutatina Valve Spring. 
AdjustingSprine. 
Top 8e&t of Adjusting Spring. 
Bottom Seat of Adju-tting Spring. 
ReBiilating Cap. 
Lock Nut of Hegulatlns Cap. 
"- ■ Handle and Nut. 



Taafel Preasure Regulator. 

hand side, as shown in the cut. A portion of the 
steam passes up through port (S) to the regulating 
valve (J) which it finds open, due to the downward 
pressure of the adjusting spring (L) on the diaphragm 
{G), which in turn bears upon the small valve {J). 
This small regulating valve being oi)en allows the 
steam to pass as shown by the arrow to chamber (V) 
where it forces piston (F) downward, thus opening 
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the main valve (D) and allowing steam from the loco- 
motive boiler to pass to the train heating system at the 
outlet (T). Port (U) connects the under side of dia- 
phragm (G) with the heating system, and when the 
pressure there reaches whatever amount the adjusting 
spring (L) is set to withstand, the slightest additional 
pressure will cause diaphragm (G) to bend upward 
enough to release regulating valve (/), thus allowing 
the latter to be seated by the force of its sprjing (K), 
just beneath it. No further supply of steam from the 
inlet side can now reach chamber (V) and what pres- 
sure remains therein can pass around piston F 
(which is for this purpose but loosely fitted in its cyl- 
inder) and equalize with the system pressure under- 
neath. Piston (F), being equally balanced, permits 
the main valve spring {E)to close the main valve (D), 
thereby shutting off further supply of steam to the 
heating system. 

As soon as the pressure of the steam in the heating 
system under diaphragm {G) becomes the least 
amount less than that of the adjusting spring (L), 
the diaphragm will bulge downwards, unseating 
regulating valve (J), which, as before described, 
again produces a supply of steam to the system. 

For attaching and adjusting this regulator the fol- 
lowing directions should be observed: 

When possible place regulator in a vertical position 
on a horizontal pipe, but always arranged so the 
steam will pass through in the direction indicated by 
the arrow cast on the side of the valve body. 

Before attaching the regulator put a stop valve on 
inlet pipe and blow out pipes thoroughly; after the 
regulator has been attached and before pressure is 
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turned on, unscrew cap (O) to take all pressure off the 
adjusting spring (L). Open the stop value, then 
screw down the regulating cap (0) until the desired 
pressure is reached, when the cap should be locked in 
position by lock nut (P). A very sUght turn of the 
cap either way will change the pressure. 

The regulating cap (O) can be removed w hilo pres- 
sure is on, if so desired. 

The top cap (B) of main body can be removed while 
pressure is on, providing steam is released from the 
outlet pipe (T). 

The diaphragm must always be set with bead up. 

To take out main valve (D), unscrew the bottom 
cap (C) of the main body. 

To remove the regulating valves, first unscrew top 
cap (B) of main body, then unscrew the regulating 
valve body (//), and also cap (/). 

When repairing, care should be taken to see that all 
joints, seats and piston are thoroughly cleaned and a 
little heavy oil used on the joints before screwing them 
up tight. 

Never use oil of any kind on the piston, valves, 
valve seats or valve stems. 

When the regulator is in working order all parts 
should work freelv. 

All parts of each size regulator are interchangeable. 

THE ROSS STEAM PRESSURE REDUCING VALVE. 

This reducing valve shown in the accompanying 
cutis of the diaphragm-piston type. The regulating 
screw at the top produces the required i)ressure 
through a double coil spring upon a flexible metallic 
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the main valve (D) and allowing steam from the loco- 
motive boiler to pass to the train heating system at the 
outlet (T). Port (U) connects the under side of dia- 
phragm (G) with the heating system, and when the 
pressure there reaches whatever amount the adjusting 
spring (L) is set to withstand, the slightest additional 
pressure will cause diaphragm (G) to bend upward 
enough to release regulating valve (J), thus allowing 
the latter to be seated by the force of its sprjng (K), 
just beneath it. No further supply of steam from the 
inlet side can now reach chamber (V) and what pres- 
sure remains therein can pass around piston F 
(which is for this purpose but loosely fitted in its cyl- 
inder) and equalize with the system pressure under- 
neath. Piston (F), being equally balanced, permits 
the main valve spring {E)io close the main valve (D), 
thereby shutting off further supply of steam to the 
heating system. 

As soon as the pressure of the steam in the heating 
system under diaphragm {G) becomes the least 
amount less than that of the adjusting spring (L), 
the diaphragm will bulge downwards, unseating 
regulating valve (J), which, as before described, 
again produces a supply of steam to the system. 

For attaching and adjusting this regulator the fol- 
lowing directions should be observed: 

When possible place regulator in a vertical position 
on a horizontal pipe, but always arranged so the 
steam will pass through in the direction indicated by 
the arrow cast on the side of the valve body. 

Before attaching the regulator put a stop valve on 
inlet pipe and blow out pipes thoroughly; after the 
regulator has been attached and before pressure is 



LOCOMOTIVE APPLIANCES. 45 

phragm to raise sufficiently to clamp the valve to its 
scat and shut off further supply until the system 
pressure reduces below the set limit. When that con- 
dition again exists, the diaphragm springs downward 
allowing the supply valve to again open. 

Adjustment and Repairs. — The piston should 
always be kept well packed with asbestos, the dia- 
phragm joint kept tight, and the adjusting nut on the 
bottom of the stem set so that valve cannot open more 
than Ys inch. 

If steam in large quantities passes the valve when 
it should not, take off the bottom cap, unscrew the 
adjusting and yoke nuts, pull out the valve and 
piston. 

If the valve has a good seat and no scale or dirt is 
found under it, the trouble was due to the valve hav- 
ing too much lift. Hence, in replacing the parts, 
screw the adjusting nut up until the valve is clamped 
to its seat, first having relieved tension on the dia- 
phragm from the top regulating screw; then slack off 
the nut about a turn and a half or two turns and the 
trouble will be overcome. 

If the valve regulates well on long trains, or where 
much steam is used, but allows the pressure to become 
too great on short trains, or where the steam require- 
ments are small, the piston packing has become hard- 
ened or worn out and should be replaced. 

SPECIAL AUTOMATIC RELIEF VALVE. 

The Consolidated Car Heating Company employ 
the Mason regulator or reducing valve, which has 
been fully described elsewhere, and also, for addi- 
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tional safety, the special relief valve shown sectioned' 
in the accompanying cut, Fig. 7. 

This relief valve is set at 50 
pounds and is for the purpose of 
relieving the pressure in system 
heating pipe and at the same time 
signaling the engineer, should the 
pressure become too great. 

By its use the not infrequent 
delays due to hase burst from over- 
pressure may be reduced to a 
minimum. 

To take valve apart: Use the 
key to unscrew lock-screw (J), take 
off the shield (L), and relieve the 
load on spring by unscrewing the 
'R^nefviu^"' set-screw (G'). Then loosen set- 
screw (X), and unscrew the casing. 

To set valve at a higher pressure: Screw set-screw 
(G) down; at a lower pressure, screw set-screw up. 

To regulate pop: The pop or action of the escaping 
steam is regulated by the externally threaded ring 
(B) in the base of the valve, which is easily accessible 
without taking valve apart, and is held securely in 
place when set, by means of set-screw {¥) on the side 
of the valve body. If the valve pops too suddenly and 
reduces the pressure too much, turn ring (B) down 
(further away from the valve disc), and if it does not 
pop enough, opening and closing only gradually, 
turn ring (/J) up (nearer to the valve disc). When 
the desired adjustment is obtained, secure the ring by 
means of the set-screw {Y); whenever set-screw (G) is 
changed, the pop regulating ring must in most cases 
be changed to suit. 
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To insure proper working: Pop safety valves should 
be attached immediately upon the boiler, or as close to 
same as possible; otherwise the connecting pipe 
should be at least one 
Size larger in diameter v*tye^ 
than the size of the pop 
valve. 

Caution: Before at- 
taching valve, blow out 
pipe and avoid the use 
of too much lead or 
pipe grease. This 
valve is sensitive, and 
any foreign substance 
lodging in it will pre- 
vent its perfect work- 
ing. 

The location of the 
automatic relief valve 
and the other locomo- 
tive cab attachments 
rx)nnected with the 
train steam heating 
apparatus are clearly 
shown in Fig. 8. 




Fig. 8. Location of Steam Heating Cab 
Attachments. 



RULES FOR ENGINEERS. 

The following rules are applicable to all forms of 
direct train steam heating apparatus : 

1. Engineers must give for heating trains on the 
road a steam pressure of twenty pounds, on heating 
gauge in cab, for trains of five cars, and an additional 
three pounds for each additional steam-heated car. 



48 LOCOMOTIVE APPLIANCES. 

2. Give extra pressure up to forty-five pounds, if 
desired, to heat cold trains, and to blow out at terminal 
points, before shutting off. 

3. Steam must not be shut off from heating appa- 
ratus or turned down while on the road. 

4. Pressure should always be regulated by the 
reducing valve, the throttle valve being wide open 
when using steam for heating. If at any time the 
reducing valve fails to hold the pressure steady, report 
same and see that the valve is cleaned. . 

5. See that the throttle valve of heating apparatus 
is closed about three minutes before entering stations, 
where engine is to be disconnected or additional cars 
to be placed in train, and at terminal points. This is 
important to prevent scalding train men in ?incoup- 
ling hose while pressure is on. 

6. When not using steam on train, allow sufficient 
steam to pass through steam pipe to prevent freezing 
steam pipe under tank. 

7. Get signal that steam is through train line 
before leaving terminal point or changing station. 



AIR BRAKE APPARATUS. 

THE DUPLEX AIR PUMP— NEW YORK AIR BRAKE 

COMPANY. 

The air pump is one of the most important attach- 
ments to the locomotive; it furnishes the motive power 
for the operation of the automatic air brake. 

Fig. 1 shows the No. 2 Duplex air pump of the New 
York Air Brake Company, which is adapted for large 
locomotives. It works with a smoothness and ease of 
operation in strong contrast to the ordinary single 
cylinder pump, the absence of jarring and noise being 
particularly noticeable, and will supply air rapidly. 

The action of this pump in compressing air is 
similar to the use of steam in a compound engine, but 
the air is compounded in this case and not the steam. 
Both steam cylinders are seven inches in diameter. 
The high-pressure air cylinder is also seven inches 
in diameter, but the low-pressure air cylinder is 
larger, its diameter being ten inches and its capacity 
therefore exactly twice that of the steam cylinder actu- 
ating it. Both air cylinders are filled with free air at 
every stroke. The first operation is to force the air 
from the largest cylinder into the smaller one in 
addition to the free air already in the smaller cylinder. 
The smaller cyUnder then contains three times its 
volume of free air, compressed to about forty pounds. 
The high-pressure piston then completes the compres- 
sion and forces the air into the reservoir. In this way, 

4 (49) 
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New Yark Alt Brake Co.'s Diiplei Ali Pump. 
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the two seven-inch steam pistons are caused to actuate 
the equivalent of three seven-inch air pistons (the 
area of a ten-inch piston being exactly double that of a 
seven-inch), or, in other words, two measures of steam 
are made to compress three similar measures of air. 

The valve gear is very simple. For the steam 
cyhnders it consists of two plain slide valves (5) and 
(6), moving in steam chests (16 and 17), and oper- 
ated by small tappet rods (7 and 8), which extend 
into the hollow piston rods of the steam cylinders. As 
is shown, the valve on one side controls the supply of 
steam to the opposite side. The air valves are simple 
poppet or check valves, which seat by gravity while 
the pistons wait, and therefore are not liable to pound 
themselves to pieces. (The pistons of one side rest 
while the pistons of the other side are in motion. ) The 
operation is as follows: 

In the position shown, the air piston in cylinder (4) 
has completed its downward stroke and compressed 

Parts of Duplex Air Pump. - 



1-2 Combined Steam Cylinders. 
3-4 Combined Air Cylinders. 
5-« Slide Valves. 
7-A Valve Stems. 
9-10 Receiving Air Valves. 
11-12-13-14 Discharge Air Valves. 
15 Steam Chest Caps. 
16-17 Steam Chest Bushings. 

18 Piston Rods. 

19 Lower Steam Cylinder Head, with 

Valves and Bushings. 

20 Piston Plates for Actuating Valve 

Stems. 
21-22 Five-Inch Steam Pistons. 

31 Five-Inch Air Piston. 

32 Seven-Inch Air Piston. 

33 Five-Inch Piston Packing Rings. 

34 Seven-Inch Piston Packing Rings. 

35 Centre Piece. 

36 Piston Rod Stuffing Boxes. 

37 Piston Rod Stuffing Box Nuts. 

38 PLston Rod Stuffing Box Glands. 

39 Lower Receiving Valve Chamber. 

40 I^wer Intermediate Valve Seat. 

41 Upper Receiving Valve Seat 

42 Upper Intermediate Valve Seat. 

43 Upper Intermediate Valve Chamber. 



44 Upper Discharge Valve Cap. 

45 Upper Discharge Valve Seat. 

46 Lower Discharge Valve Seat. 

47 Top Head. 

48 Upper Air Cylinder Gasket. 

49 Lower Air Cylinder Gasket. 

50 Upper Steam Cylinder Gasket. 

51 Lower Steam Cylinder Gasket. 

52 CyJInder Head Bolts. 

53 Oil Cups for Air Cylinders. 

54 Drain Cock. 

55 Piston Plate Bolt. 

56 Steam Union Stud for Governor. 

57 Steam Union Nut for Governor. 

58 Exhaust Pipe Union Stud. 

59 Exhaust Pipe Union Nut. 

60 Exhaust Pipe Union Swivel. 

61 Quarter-Inch Nipple. 

62 Quarter-Inch Union. 

63 Air Union Stud. 

64 Air Union Nut. "4 -Inch. 

65 Air Union Swivel, »«-lnch. 

66 Cylinder Head Bolt Wrench. 

67 Cap and Discharge Valve Wrench. 

68 Upper and Lower Valve Chaml>er 

Wrench. 

69 PLston Packing Nut Wrench. 
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its contents through valve (12 ) into cylinder (3). The 
plate (20), on steam piston (21 ), has moved valve (6) 
to its lowest position. This admits steam through 
port (23, 24, 25) to upper side of piston (22), and will 
cause that piston to descend and expel the partially 
compressed air in cylinder (3) through valve (14) and 
passage shown into the reservoir. Meanwhile, the 
cylinder (4) has become filled above the piston with air 
at atmospheric pressure through valve (9), and the 
cylinder (3) will be filled with air at atmospheric 
pressure through valves (9 and 11), both of which 
open inward and are seated by gravity. When piston 
(22) reaches the end of its downward stroke, the plate 
(20) strikes the tappet on valve stem (7) and moves 
valve (5) to its lowest position, thus uncovering port 
(26) and admitting steam through port (26) to the 
lower side of piston (21), thus causing piston (21) to 
rise and compress the air which is in cylinder (4) 
through valve (11) into upper part of cyUnder (3). 
Just as piston (21) completes its stroke, its plate (20) 
strikes the tappet on valve stem (8) and moves valve 
(6) to its highest position, uncovering port (27) and 
admitting steam through port (27) to the lower side 
of piston (22), causing that piston to rise and expel 
the partially compressed air in cylinder (3), through 
valve (13) into passage shown, and thence into the 
reservoir. While the pistons are compressing the air 
above them into the reservoir, the air cylinders below 
the pistons will be filled with air at atmospheric 
pressure through valves (10 and 12), ready for 
another cycle of operation. 

The construction is^very durable, and all valves can 
be examined or removed by unscrewing plugs, with- 
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out taking the pump down. The steam cylinders are 
placed underneath the air chambers to allow natural 
drainage and insure clean air. 

TRIPLE VALVES— NEW YORK AIR BRAKE 

COMPANY 

The triple valve plays a vital part in the operation 
of the automatic air brake, the purpose it serves being 
to provide a way by which the stored pressure in the 
reservoir may be automatically admitted to the brake 
cylinder whenever the pressure in the train -pipe 
escapes.* 

PLAIN TRIPLE VALVE. 

Fig. 1 shows a section of the Plain Triple valve, 
which is used only on engines and tenders. The 
parts are few, simple and durable, and their opera- 
tion is not easily affected by dirt. 

Connections are made with the auxiliary reservoir, 
the brake cylinder, and the train-pipe, as shown; slide 
valve (38 ) controls the exhaust of air from brake 
cylinder, to release brakes, and graduating valve (48 ) 
controls the admission of air from auxiliary reservoir 
to brake cylinder, for applying brakes. Piston (40 ) 
actuates slide valve (38 ) and graduating valve (48 ), 
and in such a manner that valve (38 ) will close 
exhaust port before graduating valve (48 ) is opened. 
The sUde valve (38 ) can remain stationary while the 
piston (40 ) returns part way and closes graduating 

♦The principle of the triple valve and the details of other forms 
thereof are fully described in "The Science of Railways," and the 
reader is referred to the General Index of that work for informa- 
tiQn in regard thereto, 
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valve (48 ), as the abutments that move valve (38 ) are 
farther apart than the length of the valve. 

The operation is as follows: Air from the train-pipe 
pass^ to cylinder {A), through charging groove (B) 
and passage (C) to chamber {!)), and thence through 
passage (E) into the auxiliary reservoir. When the 
train-pipe pressure is reduced, the piston (40 ) moves 
its full stroke, first shutting off the auxiliary reservoir 
from the train pipe by closing the connection between 
passage (B) and cylinder (A), next closing exhaust 




Plain New York Triple Valve. 

valve (38 ) and di)ening graduating valve (48 ), thus 
admitting air into the brake cylinder; the amount 
admitted being in i)roportion to the reduction of the 
train-pipe pressure. If the train-pipe pressure is 
reduced but little, the pressure in the reservoir is soon 
reduced to less than that in the train-pipe, and the 
piston (40 ) starts back and closes graduating valve 
(48), without disturbing slide valve (S8), which is held 
with some force by the air ])ressure, aided by spring 
(9), and checks the return stroke when valve (48) 
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is closed. A further reduction of train-pipe pressure 
would repeat the same action -and apply the brakes a 
little harder. If the train-pipe pressure is reduced five 
to eight pounds, the brakes will be applied with hut 
moderate force, but if the train- pipe pressure is reduced 
twenty pounds, the graduating valve (48 ) will remain 
open and the brakes go full on, as the auxiliary reser- 
voir pressure will then continue to flow into the brake 
cylinder until the pressure in each has become equal- 
ized. 

An increase of pressure in the triain7pipe will cause 
all the valves to move back to the poi^tion shown in 
the plate, thus releasing the brakes and allowing the 
reservoir to be re-charged. Passage (F) allows 
moisture from the train pipe to collect in chamber (G), 
where it can be readily drained by unscrewing plug 
(13). 

THE NEW YORK IMPROVED QUICK ACTION 

TRIPLE VALVE. 

Fig. 2 shows a sectional view of this triple valve. 
Figs. 2, 3 and 4 are ideal sketches with all working 
parts drawn on the same plane, in order to render an 
explanation more readily understood. In the actual 
construction some of the moving parts are placed at 
right angles to the main piston, so that all the inside 
parts can be removed without detaching the valve 
from the reservoir or the train-pipe. This valve has 
the same connections and is interchangeable with the 
Westinghouse quick action triple valve. 

The work it does is known as "service" and "emer- 
gency," the first being its ordinary action, and the 
second giving the very strong and instant application 
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for emei^ency use. To accomplish the latter through- 
out a long train, pressure from the train-pipe is dis- 
charged at each car in addition to the reduction by the 
engineer. As elsewhere explained, the ordinary 




service application is made by letting from six to 
eight, pounds pressure out of the train pipe, and 
emergency application by a sudden reduction of ten 
or more pounds. In either case, the reduction causes 
an impulse of air to travel through the train-pipe and 
operate the triple valve of each car as it passes along. 
The service reduction is not powerful enough to altect 
the emergency parts and travels through the train 
with moderate speed. The emergency reduction, 
however, is so much more powerful that it also sets 
the emergency parts in motion and, as they exhaust 
the train-pipe pressure in their immediate vicinity, 
this impulse is transmitted from car to car with great 
rapidity. 

The "service" parts occupy the central portion of 
Figs. 3, 4 and 5. The auxiliary reservoir is chained 
through the usual groove (B). Exhaust valve (38 ) 
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and graduating valve (48 ) cover the usual ports, and 
are moved by the main piston (128 ) for applying and 
releasing the brakes for service stops, in the manner 
already familiar in plain and quick action triple 
valves. 
The "quick action" parts occupy the left and top por- 




tions of the drawing, and are Inoperative under ordi- 
nary conditions. Vent valve (71 ) is held to its seat 
by spring (132 }, assisted by train-pipe pressure, and 
can only be opened when piston (129 ) is forced to the 
left. Quick action valve (138-139 ) is held to its seat 
by spring (140 ), assisted by reservoir pressure, and 
can only be opened when piston (137 ) moves to the 
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right. All parts are simple and durable, and the 
valves are so located that no oil from the brake cyl- 
inder can possibly reach a rubber valve seat. 

Fig. 3 shows the triple with all valves in their 
normal positions; I'ig. 4 shows the position of the 
valves in service application; and Fig. 5 shows the 
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valves in emergency position. The arrows indicate 
the course of the air in each position. 

The triple valve proi)er consists of the triple piston 
valve (128 ), the exhaust valve (38) and the gradu- 
ating valve (48). The graduating and exhaust 
valves are of the slide valve pattern, and in their 
arrai^ement on the triple piston stem are independent 
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of each other. The triple piston valve is of the cup or 
extended pattern, and forms a cylinder for the venl 
valve piston (129). These three valves, combined, of 
course, constitute the triple valve, and the triple valve 
Is the part that gives the brake its automatic action. 
The quick action part of the triple consists of the 




vent valve piston (129 ), the extended cup or cylinder 
of piston (128 ), vent valve (71 ), vent valve spring 
(132 ), emergency piston (137 ), emergency valve 
(139 ), and brake cylinder check valve (117 ). To 
these parts we may add the vent ports (M and J) and 
the passages (H, L L and K). 

In the normal position, that of charging the aux- 
iliary reservoir, as shown in Fig. 3, the air comes in 
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from the train-pipe, as indicated by the arrows, passes 
by the triple piston (128) through the feed groove (J3) 
to the auxiliary reservoir. At the same time it charges 
chamber (G), between the vent valve piston (129 ) and 
the triple piston (128 ) through the very small port 
(F) drilled through the vent valve piston (129.) 

Main piston (128) has the same stroke for both 
service and emergency application. The small port 

(F) is of such a size that when triple piston (128 ) 
moves slowly to the left, as irp service application, 
Fig. 4, the air in space (G) will be pressed through 
opening (F) without disturbing piston (129 ) from its 
normal position. 

In the service application (Fig. 2) only the triple 
valve proper operates. The triple piston moves to 
the left until it rests against, and forms an air-tight 
joint on the leather gasket (133); then the exhaust 
valve (38 ) is moved into a position covering the 
exhaust ports from the brake cylinder to the atmos- 
phere, and the service port is uncovered by the gradu- 
ating valve (48 ), so that the auxiliary pressure may 
expand into the brake cylinder and apply the brake. 

The sharp reduction of the train-pipe pressure for 
an emergency stop will cause main piston (128 ) to 
move rapidly to the left. In this case, the air in space 

(G) cannot escape through passage (F) fast enough 
to prevent a momentary pressure upon piston (129 ), 
strong enough to overcome its resistance and cause 
valve (71 ) to be pushed from its seat, as shown in 
Fig. 5. This allows train-pipe air to enter, moment- 
arily, the passage (H) and escape to the atmosphere 
through small port (A/) and the larger opening (J). 
In doing this latter piston (137 ) is forced to the right 
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enough to uncover port (J), and this movement 
unseats emergency valve (139 ) and allows the full 
power of the auxiliary reservoir pressure to pass 
rapidly to the brake cylinder, there to be instantly 
effective, on account of the large annular passage 
{L L) and check valve (117). Meanwhile, as passage 
(F) is always open, the temporary pressure exerted by 
air in chamber (G) has rapidly lost its effect by escap- 
ing through port (F), and spring (132) has returned 
valve (71 ) to its seat, thus checking the further escape 
of air when the train-pipe pressure is sufficiently 
reduced to apply the brakes to quick action on adjoin- 
ing cars. As valve (71 ) closes, it returns piston (129) 
to its original position, its travel to the right being 
limited by the stop (142 ), shown in Fig. 2. Valve 
(139) and piston (137) have also been returned to their 
former positions, as shown in Fig. 3. 

Releasing brakes after an emergency position is 
accomplished in the same manner as previously 
described under the plain triple. All other parte 
having automatically returned to their original posi- 
tions (Fig. 3), there is only the main triple piston (128) 
to be acted upon. Restoring the train-line pressure 
causes this piston to return slide valve (38) and grad- 
uating valve (48) to the position shown in Figs. 2 and 
3, allowing the brake cylinder pressure to escape to 
the atmosphere underneath the slide valve (38 ), at the 
same time the auxiliary reservoir is being replenished 
through the feed groove (B). 

This triple valve has no communication between the 
train-line and the brake-cylinder, and hence no defect- 
ive check valve can allow the brake-cylinder to escape 
back into an open train pipe. 
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One of the advantages of this valve Ues in the fact 
that it is so constructed, as shown in Fig. 2, that, if 
any one of the valves leaks, it can be detected from the 
outside and the defect remedied without disturbing 
any of the pipe joints. 

Moisture from the train-pipe collects in the drain 
cup at the bottom of the valve where it can be drained 
by unscrewing the plug. 

While the parts are similar for passenger and 
freight triple valves, the ports in the former are larger, 
and therefore they should not be interchanged. Pas- 
senger triples have a letter "P" cast on the outside. . 

WESTINGHOUSE "1900" FEED-VALVE OR TRAIN- 
LINE GOVERNOR. SLIDE VALVE PATTERN. 

This form of feed- valve attachment to the "1892" 
Engineers' Brake Valve was designed to embody all 
the advantages of the old form and at the same time 
govern the train-line within closer limits, be less liable 
to derangement from gum and dirt, and be so ar- 
ranged that it can be easily taken apart and cleaned 
without the slightest interference with the adjustment. 

The method of attachment of this new device is 
identical with that of the older form, the two being 
interchangeable. 

As clearly shown in the cuts. Figs. 1 and 2, the 
supply-valve chamber F and the ports and passages 
marked / are in direct communication with the main 
reservoir through port / of the engineers' brake 
valve,* when the handle of the latter is in "running 

*For full particulars of the principle and operation of the Engi- 
neer's Brake Valve the reader is referred to "The Science of Rail- 
wa>'s," where they may be found by reference to the General 
Index. 
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position." The pass^e lettered ii is an extension of 
the corresponding train-line passage in the brake 
valve. Chamber E is separated from chamber F 
by supply-valve piston 54. 

It will readily be seen that if chamber E is con- 
nected with the train-line, piston 54 (See Fig. 2) 
ipould be forced to the right by tlie greater main reser- 




Sllde Valve P&ttfin. 



Westlnebouai 
54 — Supply V 

OT— Dlapliratill. 67— Bceuiatine SpdnE 

U— <3upply Viklve PLsIod Spring. 

voir pressure in chamber F acting on the other side 
of this piston. Howevei-, if chamber E were shut 
off from all communication with the train-line, it will 
be equally apparent that, as there are no packing 
rings in piston 54, the main reservoir j)ressure from 
chamber F would soon form an equal pressure in 
chamber E, thus allowing the supply-valve piston 
spring 58 to force piston 54, and with it the slide- 
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valve supply valve 55 to the left, closing port b, as 
shown in Fig. 2. 

Now it is in order to explain how chamber E may 
or may not be in connection with the train-line. 

By referring to Fig. 1, it will be seen that regulating 
valve 59, when open, connects passage c c leading 
from chamber E (consult both Figs. 1 and 2 to see 
the connection) with diaphragm chamber G, which 
in turn is connected by invisible passages ii (dotted 
lines. Fig. 1) with the train line at port i at the top. 
Regulating valve 59 is normally held open by dia- 
phragm 57, which is acted upon by regulating 
spring 67, whose tension of seventy pounds is 
adjusted by regulating nut 65. 

When the handle of the engineer's brake valve is 
placed in "running position," main-reservoir air is 
admitted to chamber F, forces supply-valve piston 
54 forward, carrying supply valve 55 with it, 
uncovers port A, and gains entrance directly into 
the train Hne through passage ii. The resultant 
increase in train-line pressure likewise increases the 
pressure in chamber G under diaphragm 57 until 
it overcomes the tension of regulating spring 67, 
previously adjusted to yield at seventy pounds or 
some other desired pressure. The consequent move- 
ment of diaphragm 57 allows regulating valve 59 
to be seated by its spring, closing i)ort a and cutting 
off all communication between chamber E and the 
train line. The main-reservoir pressure in chamber 
F then equalizes with the pressure in chamber S, 
by leakage i)ast supply-valve jnston 54, and supply- 
valve piston spring 58, previously compressed by the 
comparatively higher pressure in chamber F, now 



LOCOMOTIVE APPLIANCES. 65 

reacts and forces supply valve 55 to its normal posi- 
tion, closes port 6, and cuts off the communication 
between the main reservoir and the train-line. The 
reduction of train-line pressure below seventy pounds, 
or other set Umit, reduces the pressure in chamber 
Ay thereby permiting regulating spring 67 to react 
to the left and forcing regulating valve 59 from its 
seat, thus allowing the accumulated pressure in 
chamber E to exhaust into the train line through 
ports cc and ii (dotted), as previously described. 

The main-reservoir pressure in chamber F now 
readily overcomes that now in chamber E, and 
hence forces piston 54 and with it the supply valve 
55 to the right, and recharges the train-line through 
port b, as before described. 

With this form of valve it is readily seen that the 
train-line is charged more quickly than with any of 
the former designs, because it maintains a wide open 
port until the full train-line pressure has been reached. 

HIGH-PRESSURE CONTROLLING APPARATUS. 

The high-pressure controlling appar:atus was orig- 
inally designed for the high-speed braked trains,* but 
has become adopted and quite useful in service on 
mountain grades, for which its utility will be easily 
recognized. It should be noted that the new slide 
valve feed-valve attachment, fully illustrated and 
described elsewhere in this volume, is now a standard 
part of this high-pressure controlUng apparatus. 

♦ For further details of the High-Speed Brake apparatus the 
reader is referred to "The Science of Railways," where, in the 
General Index, he will find several references to descriptions and 
UluBtrations of the special mechanism connected therewith 
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In high-speed brake service the same locomotive 
does not always haul the same train, and hence such 
locomotives must be so 
equipped that the> may 
be ready in a moment's 
time lo work in either 
high-speed or 
ordinary ser- 
vice pressures. 
While this 
would ordinar- 
ily require a 
change in the 
adjuslment of 
the pump 
governor 
and feed 




valve attachment in changing from 
one service to the other, yet the 
controlUng apparatus here shown makes it possible to 
throw the low-pressure governor and the low-pressure 
ftxxl-valve attachment out and the similar high- 
pressure parts in by the mere turning of two valves. 
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As will be seen by the cut, the duplex governor 
consists of a single body and two tops or heads, one of 
which is adjusted at 90 and the other at 110 pounds 
pressure. Each governor head is connected to the 
main, reservoir pressure, which it is their duty to 
control. The reversing cock is placed in some con- 
venient and secure place, generally under the running 
board on the engineer's side of the locomotive. This 
cock has two feed- valve attachments, one set at 70 and 
the other at 90 pounds train line pressure, and either 
of these may be thrown into use and the other cut out 
by merely turning the handle of this reversing cock. 
It should also be noted that there is a small %-inch 
cut-out cock in the air pipe leading to the low-pressure 
(90 pounds) governor. Thus, by turning the revers- 
ing cock handle to the left, the 70-pound feed-valve is 
thrown into operation, and by opening the %-inch 
governor cut-out cock, the 90-pound governor is oper- 
ative, thereby giving the low-pressure system. If it 
be desired to change to the high-pressure system, 
reverse the position of both cocks, that is, turn the 
reversing cock handle to the right, thereby cutting out 
the low-pressure feed-valve and throwing the high- 
pressure feed-valve into use; close the %-inch gov- 
ernor cock, thereby cutting out the low-pressure 
governor and allowing the air pump to compress air 
into the main reservoir until the high-pressure gov- 
ernor acts. 

When the above described apparatus is used in 
connection with the high-speed brake, it is customary 
to set the high-pressure feol- valve at 110 pounds and 
the high-pressure governor at 120 pounds pressure. 



BRAKE SHOES. 

The subject of shoes is ordinarily considered a 
prosaic one; but as foot wear for mankind must be 
adapted to the various requirements to be met with, 
so must the brake shoe "fit" the service required. The 
man with sharp naiied logging boots would be no 
more handicapped in wearing them in the ball-room 
than would be the dancer with his patent leather 
"pumps" in a log-rolling contest. 

The same air pressure applied to the various wheels 
of a locomotive or train where brake shoes of different 
hardness are used will produce a widely different fric- 
tion as well as tire-dressing effect on the various 
wheels. Before the maximum braking power could 
be obtained from the friction of the hard cast iron 
shoes, the wheels having softer shoes applied would 
be sliding. Sliding wheels not only cause damage to 
themselves but while sliding reduce the retarding 
effect for which the brake exists. Hence the only 
way to obtain the fullest degree of brake efficiency is 
to have a uniform hardness of brake shoe on each 
wheel. 

Brake shoes are made for three kinds of service, 
namely: 

(1) Steel-tired driving wheels, (2) chilled cast iron 
and (3) steel-tired car, engine truck, and tender 
wheels.* 

* For further information on brake shoes and the various degrees 
of cast iron best adapted thereto, the reader is referred to The 
Science of RailwaySj" General Index, Vol. XII, 

m 
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The brake shoe for locomotive driving wheels must 
be one that not only will produce the necessary friction 
for braking purposes but also dress ofT that [wrlion of 
the tire which is not worn down by contact with the 
rail. Small-wheeled freight and suburban passenp;er 
engines necessarily require a brake shoe that will 
cause greattir tire dressinf^ tliiiti I 
necessary for the large driving v 
of express locomotives. 

It has been said with 
reason that work on 
driver and tender 
brakes that will enable 
them to wear out brake 
shoes is more to be de- 
sired ihan quick-acting 
triple valves, and it is 
safe to assume- that the 
brake which does not \\i 
out shoes in a reasoiui 
time is doing but little work, 
before all other considerations ^^^ , 

the brake should have proiwr Brske shoe snd ub Appiica- 
bolding power. 

The primary jwint in the consideration of a brake 
shoe is friction, and next to this the effect of the shoe 
U|)on the tire. The experienix! of railroad men in 
general and the resulfa of various tests show that 
steel acts more effectively on the tire than chilled or 
unchilled cast iron, and for this reason shoes of steel, 
or steel and iron, for locomotive service, are the most 
efhcient and popular. 

The last point to be considered in the brake shoe and 
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one which is of the least importance in comparison 
with the other two (although oftentimes overlooked by 
the purchasing agent in his zeal for cheapness), is the 
life of the shoe, or its durabiUty. 

The brake shoe which lasts the longest is liable to 
be the one which does the least work. It can be shown 
that by reducing the brake pressure, the same result is 
accomplished as would occur from making the shoe 
very hard. 

The shoes for locomotive service are: 

First, the driving brake shoes, which are required 
not only to hol(J the wheel but also to cut down the 
tire where it is not acted upon by the rail. 

Second, the leading truck and tender shoes, which 
while giving good frictional effect should not act so 
severely upon the tires, because of the reduced action 
of the rail in wearing into the tires. However, the 
shoes for the leading truck should cover not only the 
outer tread but the flange also of the wheel in order to 
reduce to a minimum the tendency to sharp flanges. 
The tender shoes, if used on steel tires, should prefer- 
ably be made of the same design, although the tend- 
ency toward wearing the wheel flanges sharp is not so 
great as in the case of the engine truck. The shoes in 
each case should have good frictional effect consistent 
with the proper action on the tires. 

THE SARGENT BRAKE SHOES. 

The Sargent brake shoes, made under license from 
the American Brake Shoe Company, are described as 
follows: 

Locomotive Driving Brake Shoe$. — First, tbo 
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Fio. 2. 
Skeleton Steel Brake Shoe. 



skeleton steel brake shoe, Fig. 2, is a casting of 
mild steel, the metal of which is 
so disposed as to cover as much 
as possible those parts of the 
wheel tread which are not acted 
upon by the rail. Steel is the 
most effective metal for wearing 
down the tire and in the skeleton 
steel brake shoe the right metal 
is properly designed for the service required. The 
material possesses high f rictional power and a strong 
wearing action on the tire, and, as distributed in the 
skeleton design, cuts away the outer tread and top of 
flange, thus tending to maintain the original tire out- 
Uned. Shopping engines for tire turning is largely 
prevented or delayed by the use of the steel shoe, and 
the expense of locomotive maintenance considerably 
reduced. The skeleton steel brake shoe is strongly 
recommended for freight, switching and suburban 
service, and where tires are rapidly worn into by the 
action on the rail. 

The Skeleton Steel Insert Shoe, Fig. 3, is recom- 
mended for general locomotive service. It is not so 

severe a tire dresser as the all- 
steel shoe, but is more generally 
used. It consists of a body cf 
cast iron having inserts of a spe 
cial crucible steel disposed along 
the face of the shoe where it con- 
pio. 8. tacts with the tire outside of the 

Skeleton steel Insert Shoe. lij^Jts of Tail Wear. ThcSC iuserts 

remain constant, being unchanged by the heat of 
friction, presenting hard and un&orm cutting edges 



^w 
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which are exposed by the grinding away of the cast 
iron between them, and act like milling tool cutters in 
dressing down the tire. The skeleton design removes 
much of the shoe metal from against the throat-of the 
wheel flange and over the line of rail wear; the broad 
surfaces of soft cast iron at each end of the shoe and 
the large area surrounding the inserts afford ample 
holding power, while the inserts by their hardness 
insure durability and cutting action on the tire. 

The skeleton steel insert shoe is designed for all 
classes of locomotive service and its use insures 
increased engine mileage between tire turnings and 
increased brake efficiency. 

The Improved Combination Brake Shoe, Fig. 4, is 
designed for those who desire great durability com- 
bined with wearing action on the 
tire. It consists of a body of cast 
iron having high chilling proper- 
ties; diagonal grooves along the 
outer tread, and depressions in the 
flange-bearing portions made by 
metal chill blocks, provide sharp 
edges for cutting down the tire; 
Fjf • \. . across the face of the shoe and over 

Improved Combination it. <• i .i -i 

Driving Brake Shoe, thc limits of thc rail wcar upon the 
tire, are alternate areas of chilled and soft metal, the 
former to reduce to a minimum the abrading action of 
this portion of the shoe face upon the tire, and the 
latter to provide f rictional effect. The combination of 
cutting edges and hard and soft surfaces of contact 
being such as to provide an equality of brake shoe 
action upon the tire, so as to prevent uneven wear. 
This brake shoe is in extensive use and proves a most 
durable and economical shoe. 
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Engine Truck and Tender Brake Skocs.~The 
Skeleton Diamond "S" Brake Shoe consists of a body 
of soft cast iron surrounding; and permeating a bundle 
of expanded sheet steel, as shown by Fig. 5. 'fhe 
shoe is especially designed to give a 
mild uniform dressing action upon 
the outer tread and the top of the 
flange in order to keep up with the 
wear of the rail into the tire and to 
jwrpetuate as long as possible the 
original shape of the wheel tread. 
The combinai structure of steel and 
cast iron makes a very strong shoe akeietoD^DiBmond 's" 
with a composite face in which b™1'« shoe. 
strands of mild steel bind the cast iron in all directions. 
The toughness of the steel retards the rapid grinding 
away of the cast iron without materially reducing the 
friclional effect, with the result of increasing the life of 
the shoe over that of plain cast iron without sacrifice of 
holding power. 

The use of this brake shoe on truck and lender 
wheels, as well as the steel-tired coach wheels, means 
greater mileage from the tires, increased efficiency in 
brake action, together with a reduction in 
the total cost of operation. 

The Unflanged Diamond "S"BrakeShoe 
is a reinforced cast iron sho*.^ as shown by 
Fig. 6. It is simply a block of soft, strong 
iron castaboutabundleofstripsof expanded 
sheet steel. The combination forming a 
solid, homc^eneous mass in which the strel 
. is not fused by the iron, but retains its 
toughness and strength, and on account of 
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the bonded structure of the shoe, holds it together so 
that it can be worn down much thinner than the plain 
cast iron shoe without danger of fracture. The 
durability and strength of the Diamond *'S" shoe 
insure a reduction in cost with an improvement in 
the brake efficiency. 

The "U" Brake Shoe, as shown by Fig. 7, is 
designed to provide a shoe with the maximum dura- 
bility with a constant and uniform 
action throughout its entire life, 
without injurious effect on the 
wheel; and to secure this extra 
endurance at as little expense of 
holding power as possible. 

The idea is to take a soft cast iron 
shoe and add metal to the ends 
beyond the limits of the ordinary 

*FiG. 7. M. C. B. shoe, hardening these ends 

The "u" Shoe. ^^^^ ^^ ^^^j^ . ^^ ^^^ ^ manner 

that the chilled or unchilled portion merges into the 
softer iron before reaching the surface of the shoe 
exposed to wear against the wheel at the beginning of 
service. So that at the start the whole area of contact 
of the "U" Shoe is of soft, unchilled iron equal to the 
face of the Standard M. C. B. Shoe. As the shoe 
wears down the hardened ends come into play to 
increase its life and these hardened ends, while delay- 
ing the rapid wear of the soft cast iron, increase the 
bearing surface of the shoe upon the wheel, making 
up somewhat for the decrease in frictional effect. 

The location of the hardened ends of the "U" Shoe 
are outside the limits of the M. C. B. brake head and 
in no way diminish the strength of the shoe. The 
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ordinary type of chilled brake shoe is very liable to 
break in service on account of the strained condition 
of the metal, due to the chilled sections or inserts. 
This strained condition is entirely removed in the 
construction of the "U" Shoe; which is used on tender, 
coach and car wheels where great durability is 
desired. 

THE LAPPIN BRAKE SHOES. 

The recent development in the line of improvement 
in brake shoes has been, not so much in the creating 
of new forms or types, as in the modifica,tion of exist- 
ing types to insure the practical wearing out of all or 
nearly all of the metal in the shoe, 
and thereby eliminating the brake 
shoe scrap that has in the past 
contributed so large a proportion to 
the waste of metal that malies up the 
scrap heap in railroad yards. 

The first marked advance made 
in this direction was with the steel 
or malleable metal back shoe pat- 
ented by H. B. Robischung in 1893, 
and since acquired by the Lappin 
Brake Shoe Company. In addition 
to this malleable metal back this 
shoe is now being furnished with 
malleable hooks and lugs on types 
of shoes where they form part of the 
device for attaching the shoe to tlie 
brake head. fis. g. 

Fig. 8 illustrates a driver brake ^'"''" Pr'Xf ^?"l!5° 

^ 111 Bnoe. With MatJeabte 

shoe havmg malleable or steel back ^»«'' •"'^ ^'^' 
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and lugs, as described. With this construction, the 
shoe can be worn down with perfect safety to this 
back which is about one-fourth of an inch thick, 
thereby reducing the scrap loss by more than fifty 
per cent., and the hooks or lugs, being of malleable 
metal, cannot break, as sometimes happens when 
they are of common cast iron or of the same material 
as the body of shoe 
Fig 9 gives two views of the now standard 
Lappincarshoeof the 
M. C. B. type with steel 
back, one showing the 
back of an unbroken 
shoe and the other a 
face viewof shoebroketi 
in pieces to show the 
grip of the metal in 
body of shoe on the 
metal back. The pieces 

Lappln Ou- or Tender Br^ke Shoe. are held t.;0 firmly tO the 

back that if the shoe from any cause 1 
should crack or break, in several pieces, 
it can still be worn out with entire safety. 
Fig. 10 shows a malleable metal or 
steel back extending over the lug on 
back of shoe, and through which 
passes the key that secures the shoe 
to brakehead. This lug, when formed 
of the cast metal integral with the body 
of the shoe, is liable to break, in which 
case the shoe is at once detached from I 
brake head and falls off; but with the . 
malleable melal back extending over "^Eoe. 
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and forming the lug, it is impossible for the shoe to 
break at this point and fall oft. 

Fig. 11 shows the back and face view of the inter- 
locking shoe, the latest development in brake shoe 
improvements, which it is claimed will entirely 
eliminate the brake shoe from the scrap heap, 
a.s this shoe wears entirely out in the service, 
leaving no scrap that can be found. It can l)e 
furnished in the ordinary soft iron brake shoe 
mixture, to roads that so prefer it, or it can be fur- 
nished with inserts in the face for use on chilled 
wheels, or it can be chilled in sections in conformity 
with the Lappin standards 
for use on either chilled or 
steel tired wheels, the inserts 
of the chills very greatly 
increasing the life or wearing 
qualities of the shoe. 

When first applying this 
type of shoe, what is 
known as the plain-faced lotenock^rBmke shoe. 
type without any inter- 
locking recesses cored in the face is used, and 
when this shoe has worn down to about five- 
eighths of an inch in thickness, or to the point at 
which ordinary cast iron shoes are scrapped, it is 
removed, and by the interlocking device on its back 
it is secured to the face of a new pocket-faced shoe, 
and the whole is then again reapplied to the brake 
head with the new ixxikct faced shoe next to the brake 
head, and the remaining unworn part next to the 
wheel, as shown in Fig. 12. 
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This shoe is cast 
in two parts, each 
about seven inches 
in length, and these 
short segments at 
once adjust them- 
selves equally well 
to wheels from 
thirty-three to thirty- 
six inches in diam- 
eter, and thus ob- 
viate the necessity 
of carrying a stock 
of shoes for these 
different sizes of 
wheels. The re- 
maining unworn 
part of the old shoe, 

' whenagain attached 
to the face of a new 

a shoe, always pre- 
sents a surface ex- 

The Interlocking, Divided, Brake Shoe. ac'tly COUformiUg 

with the radius of the wheel against which it had 
been previously applied. 




THE CORNING BRAKE SHOE. 

As the result of an extended study of the require- 
ments of a brake shoe suitable for both steel-tired 
and chilled wheels, the Corning Brake Shoe Company 
presents another tyi)e of brake shoe. The materials 
used in its construction, soft cast iron and chilled iron, 
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were selected as being the only common metals which 
do not injure steel tires. No steel or wrought iron is 
used in Corning brake shoes. 

Reference to the accompanying engravings will 
show the Corning brake shoe for locomotive driving 
wheels and the plain shoes for cars and tender 
wheels. These are all similar in having the main 
body of the shoe of tough, hard iron cast about a 




soft gray iron core, shown in Fig. 13; the body of 
the shoe has a chilled face. The sides of the soft 
iron inset arc so tapered from the back to the face 
of the shoe that, after the body is cast about it, a 
section through the shoe shows a dove-tail joint. 
The advantage gained by this combination is that 
the long life of the chilled iron is obtained, while at 
the same time the soft iron gives to the shoe fric- 
lional qualities equal to those of the ordinary cast 



80 LOCOMOTIVE APPLIANCES. 

iron so commonly used in service. The wearing 
qualities of this combination of materials have re- 
peatedly been shown by service tests made on many 
railroads, while recent laboratory tests have estab- 
lished the claims made for the frictional quahties of 
these shoes. It is claimed that one of these shoes 
such as shown in Fig. 15, will outwear six plain 
cast iron shoes of ordinary hardness. 



FLEXIBLE METALLIC JOINTS. 

It has long been customary to convey steam and 
air by rubber hose when flexibiUty of construction has 
been required. In regard thereto it should also be 
stated that such hose has been perfected in quality 
to a very great extent. However, the combined 
effects of the pressure within and the weather without 
ultimately require its renewal, and the length of time 
during which it may safely be used is very indeter- 
minate. 

With the advent of the air brake on all classes of 
trains, and steam heating on passenger trains, came 
a demand for some flexible metallic joint or coupling 
to be used between the vehicles. 

While the air brake train-pipe has normally a 
greater pressure than the train steam heating pipe, 
the latter is not only larger but is frequently subject 
to undue pressures, sometimes approaching the full 
boiler pressure carried on the locomotive; this might 
be caused from improperly closing valves near the 
head end of the train, or more usually from defective 
pressure regulators on the locomotive. Then, too, 
more danger and delay are attendant upon the burst- 
ing of a steam hose than that of an air hose. 

Considerable difficulty has been experienced in 
designing a satisfactory flexible coupling for all pur- 
poses, that should of necessity be easy of coupling 
and uncoupling. Inasmuch as the locomotive and 
tender require to be less frequently disconnected than 

6 (81) 
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other parts of the train, it is but natural that a satis- 
factory metalHc connection between these should have 
first been put into extensive practice. 




Although a large number of such devices have been 
used locally on various railways, it will be the inten- 
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tion to here describe only those which have been used 
extensively in all parts of the country. 

THE MORAN FLEXIBLE JOINT. 

Fig. 1 clearly illustrates the application of this 
joint for steam heating connection between engine 
and tender. It will be noticed that, to give the best 
results, all three joints should stand square with the 
piping when the engine is on a straight track. 

By reference to Fig. 2, which shows a sectional 
view of one of the three joints, the arrangement of the 
automatic relief trap may be clearly seen. It consists 
of a small steel ball held off from its seat by a spring 
whose tension is only sufficient to withstand about 15 
pounds per square inch. Hence as soon as the pres- 
sure exceeds this amount the ball seats and prevents 
all escape of steam or water. However, when the 
steam is shut off and the pressure drops below 15 
pounds, the automatic drip is opened and all con- 
densation escapes. This automatic action of the 
traps will thus effectually prevent 
all freezing and bursting of pipes 
under engine and tender provid- 
ing the piping is properly done, that 
is, sloped from each way toward 
these joints in order that they may 
be at the lowest point and conse- 
quently drain off all water of con- sectionaT viL Monm 

densation. Flexible Joint. 

These joints require no care and attention as long 
as they have steam for lubrication, but in warm 
weather when not in use and sand and grit works 
into the joints, it is most advisable to either constantly 
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keep a slight pressure of steam on them by closing the 
cock at the back of the tank or else to remove the 
joint from the locomotive until cold weather. 

The former practice is that advised by the manu- 
facturer. 

Fig. 3 shows this same metallic coupling as made 
for connecting steam piping between cars or between 




Fig. 3. 
Metallic Coupling for Steam Piping. 



the rear of the tender and the train. Should the 
train break in two, the chains automatically dis- 
engage the steam coupling without damage thereto. 



Mclaughlin's 
flexible 
metallic 

CONDUIT. 

For conveying 
steam or air between 
locomotive and ten- 
der. 

The joints in the 
pipe are made by 
swiveling elbows. 




Sponner Nut 



I ^Frcetoturn 



FiQ. 1. Section of Swivel Joint. 
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A nipple, with an enlarged end, is inserted in the bore 
of the elbow, and is free to turn therein, but is held in 
place by a cup nut, against which the shoulder, or 
enlargement of the elbow, bears. A ring of vulcan- 
ized rubber is inserted between these surfaces to malie 
a tight joint and to provide for taking up wear. 




While adapted to and used for a large number of 
purposes requiring flexible connections, the most 
severe test has been made in connecting locomotives 
and tenders for steam heating. In this exacting serv- 
ice the arrangement has given excellent satisfaction 
for a period of three years. It wears well and does not 
leak. The construction Is shown in the engravings. 
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Any couplings used by any railroad can be used 
with the joint the same as if it were hose. 

This conduit has been adopted by a number of the 
large railway systems of the country. 



CLIMAX FLEXIBLE METALLIC JOINT. 

Fig. 1 shows the general construction and arrange- 
ment with a pet cock at the lowest point of the coupling 
for drainage of all water when not in use. There is a 
double or universal joint at each side and a single or 
swivel joint in the center. 




Fig. 1. 
Climax Flexible Metallic Joint. 



Fig. 2 shows a sectional view of one of the universal 
joints. They are made entirely of steam metal, and 
the two glands (G-G) are each surrounded by three 
Jenkins discs screwed down to a joint by the nuts? 
(E-E). These nuts have holes in their faces to per- 
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mit their removal whenever the discs require renewal. 
To do this the caps {C-C) may be taken off. 



> D— Jenkins' Diooa 
for PaekLnB. 
CJ^C— Cftpa for ^^^''Wfj^ 1 tlF^ E-E— Nuts to hold 



The center swivel joint shown in Fig. 1 has a single 
gland and set of packing similar to those shown in 
Fig. 2. 




PRESSURE GAUGES. 



The first devices for indicating the varying changes 
of pressure were extremely crude, although the ab- 
solute standard is and always has been the weight 
of mercury (quicksilver) expressed in pounds pres- 
sure per square inch. 

One of the first pressure gauges used was a simple 
"U"-shaped glass tube partly filled with mercury; the 
pressure admitted to one side lowering the level in that 
side and raising it in the other. The difference 
b(*tween the two levels determined the pressure — 
2 1-32 inches (ai)proximately) being equal toone pound 
per square inch at a temperature of 60 degree Fahr. 

When it was not convenient 
to graduate directly upon 
the glass tube, recourse was 
had to a metal tube with a 
float and independent scab 
in some convenient loca- 
tion. The engraving Fig, 
A shows such a U-shaped 
tube with float transferring 
the indications to a scale 
by means of a cord over 
pulleys. 

While the mercury gauge has been greatly per- 
fected it is, as before stated, still the standard gauge 
to this day. The most accurate test is a perpendicular 
iron tube, immersed in a sealed pot of mercury at its 

(88) 
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Fio. A. 
Mercury Column and Gauge. 
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base and running high in the air (see Fig. 1). The 
pressure from the test pump is applied to the surface of 




the mercury and causes the latter to rise in the tube to 
a height proportionate to the pressure appUed. At 
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each point of graduation on the tube, an insulated 
platinum wire point is inserted and connected with an 
electrical register. By means of battery connections 
to the mercury and to each platinum point, when the 
two come in contact at each graduation, the electrical 
register is formed. 

Although the sealed tube was allowed on higher 
pressures, yet as late as 1843 the French government 
required the open tube to be used for engines under 
sixty pounds and steamboats under thirty pounds 
pressure per square inch. 

On account of its defects and disadvantages for 
ordinary pressure measurement, the tube of mercury 
gradually gave way to gauges of mechanical con- 
struction, more suitable for practical use. The 
designs and modifications of such mechanical gauges 
are now quite numerous, but for years there were two 
principal types, viz.: the "Bourdon'' tube and the 
"diajihragm." 

The single spring Bourdon gauge as shown in 
Fig. 2, is dependent for its action upon the fact that 

pressure admitted to a bent 
tube has a tendency to 
straighten it; however, it was 
found to be open to objection 
from two main causes — (1) 
The end of the tube, after 
passing the top center, 
became a pocket for water of 
condensation, and hence be- 
FiG.2. came Uable to damage by 

Single Bourdon Spring Gauge. fj-Qg^ ^2) As thc tubC WaS 

long and sensitive to motion, it was found not 
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accurate on a locomotive or any moving machin- 
ery, as the jolt and jar kept the pointer in such a 
constant vibration as to prevent a correct reading of 
the pressure being obtained. 

Each improvement upon this single Bourdon tube 
gauge consisted mainly in cutting off a piece of the 
tube, until finally the tube did not pass the top center. 
The vibration and pocket features were thus over- 
come, but at a sacrifice of the motion of the spring. 
This finally resulted in the introduction of the double 




Fid. 8. 
Double Bourdon Spring Gauge. 

Bourdon tube gauge, which is shown in Fig. 3. This 
was found to be more satisfactory and free from the 
two former prime objections to the Bourdon tube. 
The principle of this double Bourdon tube is the 
same as of the single tube style, and this principle 
can readily be understood by noticing the tendency 
of a coil of hose to straighten out when pressure is 
admitted within it. 

The other type referred to is the diaphragm gauge, 
invented in about the year 1849. One of the earlier 
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forms of this gauge is shown 
in Fig. 4, having the dia- 
phragm located in a compart- 
ment Ijelow the gauge. The 
objection to this gauge, as 
originally designed, was in 
the use of the flat diaphragm 
fastened rigidly at the circum- 
ference. It was impossible to 
make allowance for the draw- 
ing in toward Ihe center when 
pressure was apphed. The 
diaphragm made of a conn- 
gated plate has finally been 
Gauss. used to reduce this tendency. 

Fig. 5 clearly illustrates another and different form 

of diaphragm gauge. In this gauge there were 

several corrugations on one side 

and none on the other; the 

pointer was fastened perpendic- 
ularly, as shown, at the center 

of the diaphragm. Thus the 

extra movement on the corru- 
gated side, produced by the 

applied pressure, moved the 

jwintcr or hand of this gauge 

along the graduations. 
Siphons and Siphon Cocks. — 

Wherever a jjressure gauge is to 

be used for steam, siphons are 

indispensable. 
For very small gauges bulb 




^^ 



Fie.B, 

Early Form of DUphissm 

siphons or "traps," three styles of which are shown in 
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Fig. 6, are often used, but for larger gauges a pipe 
siphon, as illustrated in Fig. 7, is used, as it can be 
made of such size as necessary to hold 
sufficient water. 

It should be particularly understood by 
those using pressure gauges of the types 
hereinafter shown that none of the manu- 
facturers warrant these gauges for steam 
use unless a siphon is attached that will 
supply sufficient water to fill the tubes 
^^^pl and springs, otherwise they become heated 
Siphon, by steam and cannot be depended upon 

for accurate indications of pressure. 
The principle of the siphon is readily understood by 
reference to steam heating pipes in any house, or in 
the pits of a roundhouse, with which all are familiar. 
It is well known that pipes gradually sloping will 
permit steam to pass throughout their length, but 
that when there is a low place anywhere the water 
will settle at that point and remain unless there is an 
outlet beyond through which the steam pressure 
behind can force the water. These siphon pipes are 
used to form such traps for steam gauges, and it 
should be borne in mind that any leak, no matter how 
slight, between the siphon and gauge, will permit the 
steam to force the water out and itself enter the gauge. 
All gauges used on a locomotive, whether to indi- 
cate steam or air pressures, should be placed as far 
from the boiler as possible, and, while rigidly secured 
to prevent vibration, they should be mounted on 
brackets insulated as well as may be from the heat 
radiating from the boiler or by conduction through 
the bracket. To minimize this conducted heat. 
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gauges should preferably be fastened to wooden 
blocks, and the latter to the boiler gauge bracket 
itself. 



CROSBY LOCOMOTIVE PRESSURE GAUGE. 

This gauge has the double Bourdon tube springs, 
as shown in the engraving, Fig. Q. The tube springs 
are connected at each end with their respective parts 
by screw threads without the use of any soldering 
material whatever, thus insuring tight joints under 
extreme conditions of heat and pressure. The level 




mechanism, which transmits the free movements 
of these Bourdon tube springs to the index, has been 
designed with great care, and so that it may be 
easily renewed in case of repairs. 

These gauges for locomoti\'e use arc graduated to 
any pressure not exceeding fi\"e hundred pounds per 
square inch. 
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Fig. 10 shows the internal 
arrangement of a single Bour- 
don tube spring Crosby gauge. 
This gauge is designed to 
meet the demand for a cheaper 
gauge than the more accurate 
double tube form before illus- 
trated. 
The thermostatic water 
gauge shown with 
■single and double Bourdon tube springs in Figs. 11 
and 12, is particularly adapted for use on high-pres- 
sure locomotives, especially compound locomotives, 
which frequently carry a boiler pressure of two hun- 
dred pounds, or over. 

It is well known that when a steam gauge in use, on 
account of its location, is heated to a temperature of 
100° Fahr., and upwards, that there is an expansion of 
its parts, due to the heat, to such an extent that it will 
be erroneous in measuring the pressure which it 
should record. In such cases the parts which mate- 
rially affect the correct operation of the gauge are the 
lui)e springs. It occurs thus: The tube springs 
having been testtxl ami adjusted to a certain move- 
ment under [)re.ssure in the ordinary temperature of 
the factory-, or where it talies place, will when the same 
are heated in use to a high temperature lengthen by 
expansion to such an extent that, when they are sub- 
jected to the same pn^sure, their free ends will move 
through a larger arc than when they were tested. 
This movement multiplied by the ordinary mechan- 
ism of a steam gauge for transmitting it, causes this 
incjeased pressure to api)ear upon the dial. In such 
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a heated condition of the tube springs, the error pro- 
duced is sometimes considerable, being several per 
cent, greater than the true pressure, thus deceiving 
the user of steam into the behef that he is getting a 
less result, in work, from the indicated pressure than , 
he ought. This error can be corrected by suitable 
meclianism in the steam gauge. Such an one, it is- 
claimed, is internally shown by Figs. 11 and 12. In 
the ordinary steam gauge, the bar which transmits 
the movement of the free ends of its tube springs is 




Fia. 11. Fio, IS. 

Single Bourdon Tube Spring. Double Bourdon Tube Springs. 

Crosby TbernioHtfttio Water-Back Gauges . 

made of a homogeneous metal, and when the tube 
springs are affected under heat as above stated, it 
transmits the increased movement just in the same 
way that it would transmit the intended or designed 
movement when the tube springs are cold. Thus the 
error arises. In the improved gauge above shown, this 
bar ismadeof brassand steel brazed together, forming 
a thermal bar, so that, under the influence of high 
temperatures, it will compensate for the expansion or 
lengthening of the tube springs and their greater 
movement thereby under pr^sure, by retarding 
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simultaneously the motion of the index which records 
such movement on the dial. The action of this ther- 
mal bar is, that its end remote from that where it is 
attached to the tube springs will droop, or deflect, or 
move oppositely to the tube springs on account of the 
action of the temperature upon the two metals com- 
posing it, as is commonly understood. This opposite 
movement retards the index proportionately to the 
lengthening of the tube springs, as they are both 
influenced by the same temperature, and thus compels 
it to keep back to the notation of pressure on the dial 
where it correctly should be. 

In addition to this thermal bar, this gauge has a 
chamber, so constructed that when filled with water 
or other liquid it not only supplies the Bourdon tube 
springs, connected to it with all that is required, but 
serves to equalize the temperature about them. This 
is important. For unless the tube springs are sub- 
jected to a heat greater than 212° Fahr., they do not 
set when in use; and as it is impossible, as made, 
under ordinary conditions of use, for heat to bfe trans- 
mitted by conduction to such an extent, they are 
secure from this danger. 

This chamber is located in the gauge case so that it 
has its connection to it and with the boiler at the 
bottom. Attached to it are the tube springs, the index 
mechanism, and the dial, the latter upon the bosses; 
and all are independent of the case and are free from 
any influence of it under heat, excepting at its imme- 
diate point of attachment, which is unimportant. 

The chamber of this gauge is filled with a Uquid 
which is not seriously affected by exposure to cold, 
nor is it injurious to the operation of the gauge. Upon 
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the removal of the cork which is inserted in the inlet of 
the gauge connection to prevent leakage during 
transiwrtation, it may be attached to the boiler in the 
usual manner without a siphon or other devics for 
furnishing water to it. 

Should it Ixjcomc necessary again to fill the cham- 
ber with water or other liquid, remove the small screw 
located in the case I)y the side of tlie gauge connection, 
to provide a free course from the inlet in the gauge 
connection, around through llie chamber and tube 
springs to the open air. Then, holding the gauge so 
that the inlet will be uppermost, pour the liquid used 
into it, occasionally shaking and turning it to e\\)e\ 
the air and assist the flow of the liquid into all parts of 
the chamber and tul)e s|)rings. When they have 
received ahoiit two fluid ounces of the liquid, and it 
appears at the ajxrUire of the strew removed, they 
will then be filled. Close this aperture tightly with 
the screw and the gauge will be ready for use. 

THE LANE PRESSURIi: GAUGE. 
This gauge is shown by Fig. 13. The im- 
provement in this gauge consists of a bent lever 
provided with an adjustable 
link at its head, to which one of 
the tube springs is attached, the 
other tube s|)ring Ijeing directly i 
connected with this lever. Byfl 
this plan the movements of the i 
lever and rack, relatively to the ' 
two tube springs, can be more 
readily and perfectly adjusted 
than by any other method in use no. is. 

in this style of gauge. ^*« Pnamn Qn^ 
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STAR GAUGES. 

In designing a spring tube that will not retain 
' any j)ermanent set after repeated 
bending back and forth with 
varying pressure, the manufac- 
turers of this gauge make use of 
a corrugated lube, as shown in 
the accompanying engraving. 
These makers also lay special 
stress upon the point that they 
have for many years manu- 
factured a non-corrosive move- 
ment in their gauges, thus 
avoiding the injurious results 
of smoke and gases. 

STAR NON-CORROSIVE AND NON-SETTING 
LOCOMOTIVE STEAM GAUGES. 

Two stylos of these gauges are illustrated by Figs. 
14 and 15. The former (the standard) known 
as the double spring Bourdon type and Fig. 15 
shows the double 
spring Lane type. 

Each style of gauge 
is fitted with their non- 
corrosive movement 
and corrugated H])ring 
tubes. 

Itisawell known fact 
that in all branches 
of mechanical engi- 
neering where light- 
ness, rigidity and stsTDoubi«-apnD8 0*uc»-fioQidaoMgri» 
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strength are required, corrugation is adopted where 
practicable, in order to 
give the necessary stiff- 
ness without increasing 
the weight. Hence it is 
claimed that the corru- 
gated spring tube is su- 
perior to the plain forms. 
These gauges are fitted 
with hair springs to take 
up all lost motion, after 
the approved practice 

of all accurate pressure 8t«rDo.bl.Spn^^G.V-La-.eSty1e. 




THK ASHCROFT GAUGPS. 

These gauges have non-corrosive movements and 
are constructed of Bourdon springs of seamless drawn 
tubing. 

Fig. 16 shows the interior 
mechanism of the single Bour- 
don spring steam gauge, and 
Fig. 17 the same of the double 
Bourdon spring gauge with the 
addition of 
the Lane im- 
provement 
in attach- 
ment of springs to movement as 
referred to hereinbefore. 

Iq order to provide a gauge 
that should be accurate, durable 
and exempt from the annoyance 
of permanent set of the Bourdon 




Fi*. IS. 
Aaberott Sinxle Bom 
SpringSti "- 




Fio. 17. 

Ashcroft Double Boardon- 

Sprina Steam Gause, with 
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springs, these manufacturers provide a locomotive 

steam gauge having an auxiliary spring, as shown 
in Fig. 18. The auxiliary si)ring 
fcaturo consists of an indei)end' 
ent co-operating spiral spring 
{A) a])plicd tothofreeendof Ihe 
single Bourilon tube, which dis- 
penses with the necessity of a 
second tube, and reduces the 
number of joints subjected to 
wear and friction between the 
lube and the segment of the 

recording movement to two. The BoUrdon tube, it 

should be notictxl, is short enough to drain itself and 

thus prevent damage by freezing. 
Figs. 1!) and 20 illustrate thts Ashcrof t double spring 

standard locomotive gauge, the internal arrangement 

being clearly shown. 






Fio.10. 

Aiidjcroft Double^priniE Standard Locomotive Gaiqce. 

THE IITH^A GAUGE, 

111 construction, this gauge differs from those 
previously described chiefly in its spring, which is, of 
course, the essential part of any gauge, as all move- 
ments of good gauges are constructed with great care. 

The''capsular"spriug is Ihestyleof spring employed 
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and is made in two sizes for large and small gauges, 
as shown in Figs. 21 and 22. It consists of a spring 





Utioa Capsul&r Spring. Utica Capsular Spring. 

box, capsular in form, with the circumferences of the 
two heads {A A) fianged and locked together (in the 
larger form) in an elastic band (B) at a point above 
and below the spring heads themselves. This fasten- 
ing thus acts as a hinge joint. It should be noticed 
that this Utica spring has two heads, while the old 
style diaphragm spring, as described in the intro- 
ductory remarks on gauges, has but one. Thus, the 
former gives double the motion for the same move- 
ment of the spring. Inasmuch as the manufacturers 
agree to replace any 
steam gauge which 
shows a cracked 
spring-head, it need 
scarcely be said that 
great care is taken in 
the selection of metal ■ 
and in the making of 
these springs. 

Fig. 23 shows a 
Utica locomotive 
steamgauge partially 
sectioned in order to j.,^ jj 

illustrate its internal UtLcaLoOTmotiva steam Ganga 
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mechanism. A bell crank bears against the top of 
the upper spring head. The pressure within the 
spring causes the heads to bulge and bear against this 
crank, which is joined by means of light lever con- 
nections with the pointer, thus indicating the pres- 
sure. 

THE DUPLEX AIR BRAKE GAUGE. 

The Air Brake Gauge is an essential part of the 
automatic brake system. It records two pressures, 
namely, that in the main reservoir and that in the 
train line. It will be noted that the hands indicating 
these pressures are of different colors, that for the 
reservoir pressure being red and that for the train line 
pressure black. The difference between these two 
pressures is the excess pressure in the reservoir over 
that in the train line, and it is important that this 
excess should always be at least twenty or twenty-five 
pounds. The location of the air gauge on the loco- 
motive is shown in the plate "The American Steam 
Locomotive," part numbered 207.* 

The duplex air brake gauge is usually so designed 
and constructed that each spring, while acting 
entirely independent, registers its movement through 
its own index hand upon the same circle of figures. 
These air brake gauges are subject to such wide and 
rapid variations that their construction must be of the 
very best. 



* Thfe Air Gauge is described and illustrated in " The Science of 
Railways, " in connection with the exposition therein of the Air 
Brake, and the reader is referred to the general index of that work 
fpr reference to further information ori the subject. 
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The standard "Westinghouse" type of duplex air 
gauge, as manufactured by the Ashcroft Manufactur- 
ii^ Company, is shown in Figs. 24 and 25. From the 





Fio, 34. Fio. SB. 

Sectionid View. 
Westinehouse Duplex Air Gauge. 

latter figure it will be seen that each pointer or gauge 
hand is acted upon independently of the other pointer 
by double Bourdon tube springs. 
A later style of duplex air gauge, called the "Seraa- 





Semaphore Duplex Air Gauge. 

phore" gauge, is shown in Figs. 26 and 27. The 
points of difference in this gauge are the use of single 
Bourdon springs with auxiliary springs (as described 
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more fully under Steam Gaufjcs) and the black dial 
with white tigurcs so arranged that their pa'iitions for 
the three pressures, fifty, seventy and ninety pounds 
per square inch (the most important pressures to the 
engineer for oi)crating the air brake) enable him to 
instantly and accurately oi)serve the variations of 
j)ressures in his air brake system; for the two extreme 
pressuras of fifty and ninety always stand at right 
angles with the seventy pounds pressure point which 
is at the top of the dial. On this dial a much wider 
sjHice is allowed for each live pounds pressure, so as 
to insure closer and more accurate reductions in train 
braliing. The glass over the dial is an oval crystal 
like a watch, and while the case does not extend in 
front of the glass as usual to afford protection from 
breakage, yet this arrangement enables the engineer 
to read the gauge when it stands at a considerable 
angle lo him. 




Crosby Duplex A 




The interior mechanism of the Crosby duplex air 
gauge is i-tearly shown in Figs. 28 and 29. These 
cuts show the double attachments of this gauge so 
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located that in Fig. 28 the two pressures are connected 
to the gauge nipples, one before the other, in a line 
with the center of the gauge, while in Fig. 29 these 
connections are one at each side of the center of the 
gauge. The words "train line" or "reservoir" are 
stamped on the gauge nip])les so that they can be 
distinguished in rannecting pi[»es to thegaugcs. 

The dial of this gauge is the same as that shown in 
Fig. 24. 

The Star duplex air gauge differs from the gaugi^s 
last descriixjd mainly in the use of corrugated 
Bourdon sjirings, as shown in Fig. 13-A. 

A very useful gauge for assistance to Air Brake 
Inspectors or others testing the air pressure 
carried by a locomo- 
tive, is shown in Fig. 

m. 

By means of the 
adjustable thumb 
screw at the bottom 
this gauge may be 
applied to either the 
train line or air signal \ 
hose on the rear of an 
engine or train. 

The e.Kcf'plion 

above noted to the 
usual form of dial 
where both hands 

indicate their preS- star Air llr»ko ln-i]*etors' Gautre. 

Hures from the same 

figures is the Utica form of duplex air gauge, 

shown in Figs. 31 and 32. 
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It is virtually two gaufjes in one, as but half of the 
dial is used for train-line pressure and the other half 
for main reservoir pressure. 
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The interior of tliis pauge may be seen from Fig. 32 
to consist of two "capsular" springs, each actuating 
its own pointer. 
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PRESSURE RECORDING GAUGES. 

In order to have a graphic record showing every 
variation o[ ])ressure and the time of day or night, 
the pressure re<-ording gauge is sometimes applied 
to a loctomoiive. While it is usually used to record 
the steam pressure, the more recent introduction of 
llie re<order for tlie air brake train-Hne pressure is 
liable to institute a greater use for this latter 
purpose. 




'e BecordJDi GauKe. 

Both the Crasby and the Star pressure recording 
gauges are similar in ajipeitranc*, hence Fig. 33 will 
indicate th»^ external appearanm of either one. Fig. 
;i4 shows a Star re<:onling gauge that has an ordinary 
gauge dial and iMiinler outside of the recording disc. 
In all these gauges, b.\ Ihe aid of suitable mechanism, 
not shown, the pressure which is to be recorded is' 
brouglit to bear upon the lever (seen on the left hand 
sideof tliecul)inMUch a way as to move it away from 
or toward the renter, according as the pressure is 
increased or reducetl in the boiler or train brake pipe. 

At the end of this lever is carried a pen charged with 
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red ink, and the point of this pen rests lightly upon the 
[>ai)er chart which has curved radial lines coinciding 
with the pressure movements of the point of the pen, 
were the paper chart itself held stationary. The cir- 
cular lines on the chart serve as graduations to mark 
the degree of pressure, and are numbered by four 
columns of figures. The paper charts shown in 
Figs. 38 and 34 are designed to be rotated once 
ever>' twenty-four hours by a clock movement of 
great accuracy. 

Thus it will be seen that with the chart steadily 
rotating any variation of pressure will cause the pen 
to move across the line of movement of the chart, 
producing a more or less zig-zag red line, and thus 
recording accurately the pressure at the exact time of 
day or night that it occurred. 

The chart must be set right according to the time of 
day before the thumb screw in the center is tightened. 
The reading of the two charts here shown in Figs. 33 
and 34 is the same and would be 1 10 pounds pressure 
at 6:30 o'clock A. M. 

The Crosby Air Brake Recording Gauge is of the 
same construction and has the same appearance as 
that used for steam, as shown in Fig. 33, except that it 
is graduated for five pounds to each circular line and 
the highest pressure shown is ninety pounds. 

It is well known that in the use and operation of air 
brakes there exist ('ertain negative conditions, which, 
as a whole, tend to reduce their efficiency, and are 
thereby opposed to safety and economy. Very great 
importance, we believe, is attached to carrying a 
standard pressure — no more nor less — at all times; 
that the brakes are in perfect working order; and, 
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above all, that proper discretion is exercised in their 
manipulation, otherwise the power of the brakes is 
either over or under developed. The former is con- 
ducive to delay, waste of fuel, overheating and crack- 
ing of wheels and wheel flattening; the latter to loss of 
control, from which arises the gravest and most 
serious of possibilities — that of accident. That it is 
important and desirable that these conditions should 
be overcome, every one, we think, will admit; but that 
it may be done, it is first necessary to know where and 
how they exist. This information may be obtained 
by using an air brake recording gauge, an instrument 
designed for continuously recording the pressure of 
air used in the operation of air brakes. 

In using these recording gauges for indicating 
steam pressure the same care, as heretofore explained, 
should be exercised to prevent live steam from enter- 
ing and heating the gauge. 

GAUGE HAND OR "POINTER" PULLERS. 

Three styles of hand or pointer pullers are shown 
in Figs. 35, 36 and 37, either one of which is a very 




Fio.35. Pig. 36. Fig. 37. 

Gauge Hand or "Pointer" Gauge Hand or "Pointer" Pullers. 

Pullers. 

handy tool for use in removing gauge hands with 
the least liability of damage to either the gauge, 
movement, or the hands themselves. 
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TESTING GAUGES. 

Engineers and firemen depend almost entirely 
upon the steam and air gauges to know the 
pressure under which the locomotive in their 
charge is working, and yet they are fully aware 
that these gauges do many times get out of order. 
Knowing full well that the locomotive is not pulling 
what it should, they report the gauge out of order. 
When the engine arrives at the 
terminus, the practice too fre- 
quently is to remove the gauge 
from the engine, take it to the 
shops and have it tested, that is, 
tried in comparison 
with an accurate 
gauge, known to be 
correct, which gauge 
is called a test gauge. 
Three of such test- 
ing devices are shown 
, 40 and -11, which 
the Crosby, Ash- 
croft, and Star, respectively, and 
croHby T«at Gauge. ^j|i ^,6 described hereafter. 
There is no question but that this test will determine 
if Ihf; gauge itself is defective at the time and under the 
existing temperature of the testing room, but it does 
not by any means follow that this same gauge will 
correctly indicate the pressure when placed in the cab 
of a locomotive. At the beginning of this chapter the 
instructions regarding proper piping, insulation and 
location of gauges were called to the attention of the 
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reader, but these precautions are not always observed 
even by designers and builders who make the finest 
locomotives and equip them with the most modem 
devices. 

It is possible, owing to the location of a gauge, to 
have it in error from one to twenty pounds (and even 
more, in extreme cases) and yet have the gauge 




show correct every time it is removed and tested. All 
gauges are adjusted roltl and the fine mechanism 
therein will correctly indicate pressures when all 
parts are at this moderate temperature. Almost all 
metals weaken as their temperature l)ecomes higher. 
Hem-e the springs iti the gauges will have a greater 
deflection than normal wlieu healed alx)ve a moderate 
temperature, and will thus indicate a greater pressure 



LOCOMOTIVE APPUAHCES. 115 

than that actually existing in the boiler or other 
receptacle to which they are attached. 

For the reasons hereinbefore given, it is strongly 
advocated by those with extended experience in such 
matters that it is much better to allow the gauge to be 
tested to remain upon the locomotive, in its usual loca- 
tion. If the steam gauge is to be verified, attach an ac- 
curate test gauge with a large siphon pipe (as shown 
in Fig. 7) to some convenient connection at the steam 
dome and compare the readings of this test gauge 
with that of the gauge in the locomotive cab, manip- 




Fio. 40. 
Star Test Gauge. 

ulating the fire and injectors sufficiently to cause the 
pressure to pass through the ordinary variations that 
exist in service. Incidentally, there is considerable of 
an advantage aside from the time it saves and the 
accuracy thereby secured in not removing the gauge, 
in that no couplings or connexions are disturbed, and 
hence no leaks produced; for l(*aks anywhere above 
the gauge sii)hon are very injurious to a steam 
gauge. 

To test the air gauge, couple an ordinary gauge 
which is known to be accurate, or the gauge shown 
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in Fig. 30, to the train brake hose at the rear of the 
tender, or some convenient but cool place in the cab,- 
cause the pressure to vary through its usual range, 
and compare the attached gauge with the one located 
on the boiler head. 

Steam gauges on a locomotive sometimes show less 
pressure than that actually in the boiler, on account 
of their being attached to the steam turret or fountain 
instead of deriving their pressure directly from the 
boiler itself. This difference can readily be detected 
by noting a sudden drop or rise in the pressure indi- 
cated by the gauge when the injectors, air pump, 
steam-heat, electric headlight, etc., which take steam 
from the fountain, are suddenly opened or closed, as 
the case may be. 

The Description of Gauge-Testing Devices here illus- 
trated is as follows: 

The Crosby Gauge Tester, shown in Fig. 38, con- 
sists of a stand from which rises a cylinder having 
accurately fitted into it a piston with an area of 
exactly one-fifth of a square inch. Thi^ piston 
moves freely up and down, and has attached to the 
top of the piston rod a disc for supporting the weights. 
Each weight is marked with the number of pounds 
per square inch it will exert on the gauge. From the 
bottom of the cylinder two tubes project; one forms a 
stand for holding the gauge to be tested, the other 
rises at an inclined angle and forms the oil reservoir 
having within it a screw plunger for forcing the oil 
inward or outward. Screw down on the plunger until 
the weights are lifted, and then note the reading of the 
gauge as compared with the weights, counting the 
weight of piston, piston rod and tray equal to five 
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pounds. The piston should be carefully cleaned of 
all oil and gum after each test. 

The Ashcroft Gauge Tester is shown in Fig. 39, and 
its operation is very similar to that last described, 
except that instead of known weights being used a 




test gauge is attached to the nipple to left of the ver- 
tical screw plunger, while the gauge to be tested is 
attached to the nipple on the right. By screwing 
down the screw-feed the pressure is gradually 
increased up to the desired limits of the reading of the 
gauge to be tested. 
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The Star Gauge Tester, as illustrated in Fig. 40, is 
used precisely the same as that shown in Fig. 39, but 
in the cut the test gauge is not shown and the screw 
plunger is placed horizontally. An accurate test 
gauge is attached to one of the nipples (E E) and the 
gauge to be tested to the other nipple. Screwing in 
on the plunger wheel (D) increases the pressure of oil 
to any amount desired. 

The Utica Gauge Tester is clearly illustrated by 
Figs. 41 and 42. The latter engraving shows the 
square-inch test 
valve, which con- 
sists of a brass 
disc provided with 
a pipe {A) to be 
connected with a 
plunger (D), as in 
Fig. 41. At B is a 
hardened steel valve 
and seal, the latter 
ha\'ing knife edges 
for the valve (B) to ■ 
rest upon, and being 
made exactly one 
square inch in area. 
The pipe (A) ojKjns 
directly under the 
valve, as shown by 
thedottedlincs. Fig. 
41 is intended to 
show the use of this 
square inch valve in 
connection with an 
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ordinary screw plunger (D) and a test gauge at E. 
The gauge to be tested is attached at F. The 
pieces of iron attached to the bottom of the yoke, 
together with the valve and yoke itself, have been 
previously weighted, so that the valve must lift 
and the water escape by the overflow pipe (G), the 
moment such known weight is exceeded by the water 
pressure. The gauge to be tested should then indi- 
cate a pressure per square inch equal to the combined 
weights of the valve, yoke, and weight attached. 



LOCOMOTIVE POP SAFETY VALVES. 

While there are a great many styles of pop safety 
valves used on locomotives, only the types especially 
designed for this use are here described. 

The cause of boiler explosions is excessive pressure, 
and the fact that such disasters are of not infrequent 
occurrence, whether arising from neglect or otherwise, 
points forcibly to the necessity of providing against 
them in every possible way. There are safeguards 
against the danger of explosion which manufacturers 
and owners have in their power to use that may be 
relied upon to largely diminish the danger. The first 
is in the use of a perfect automatic pop safety valve, 
absolutely certain in its action, prompt in opening and 
closing, and fully sufficient in capacity to relieve the 
boiler from any excessive pressure beyond the amount 
intended to be carried as a safe limit. For its location 
see plate *The American Steam Locomotive," part 
numbered 201.* 

While steam gauges may become deranged from 
improper care or a wrong method of connection to the 
boiler, the pop safety valve is generally very reliable 
and its adjustment should never be changed without 
the proper authority from someone who absolutely 
knows, from the application of a test gaijge, that the 
valve requires change of adjustment. 

* The Safety Valve is described, and another illustration thereof 
given, in " The Science of Railways, " and the reader is referred to 
the " Description of the Locomotive " given in that work for further , 
particulars in relation thereto. 

(120) 
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THE COALE POP SAFETY VALVE AND MUFFLER. 

This is a distinct design of safety valve and is 
largely used. Its form of construction makes it 
rosiwnsive to and restrictive of steam under variable 
I)ressures. Though possessed of large discharging 
power it gives adequate warning before blowing hard, 
thus enabling the fireman to 
control his (ire or regulate the 
supply of feed water before 
strong "|»pping" occurs. Used 
on high pressure boilers, it opens 
5 and closes gradually, thus pre- 
venting excessive strains upon 
the boiler. 

By means of the spring bolt 
and adjustable ring both the 
points of opening and closing 
may be changed withoyt remov- 
ing the valve or reducing the 
TbBQ»in/'%^ v«i steam in the boiler. The con- 
andiS'ufflef*' " structlon of the muffler reduces 
the noise of the escaping steam to a minimum. This 
feature fnxiuentiy prevents the frightening of horses 
and also tlie annoying interruptions to telegraph 
orders at stations, should the locomotive be blowing 
off. 

The valve is guarded above and below the seat; at 
the latter point by a central sectional hub. 

The guide wings are removed as far as possible, to 
allow for contraction ami expansion, and also to pre- 
vent grooving of the valve seats by steam passing by 
the guide wings. 
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The central sectional guide bearing for the valve 
stem consists in dividing the ring bearing into arc 
sections between the arms, in order to overcome the 
effect of uneven expansion and contraction 'of metals. 
By this method the guide bearing insures vertical 
reciprocation of the valve. 

To Adjust the Valve, — If a change of pressure be 
desired, unscrew the cap (A) and screw down or up 
the adjusting screw (F), according to whether more 
or less pressure is desired. To regulate the opening 
and closing action of the valve, unscrew the bolt (B), 
and by means of any pointed instrument the adjust- 
able screw ring (6") may be readily moved either to the 
right or left. Should the valve close with too much 
drop of boiler pressure, move the screw-ring (C) to the 
left, a notch or two at a time, until sufficient change 
has been accomplished. To increase the pop, move 
ring (C) to the right. After the valve is adjusted to 
suit the requirements, replace bolt (B) and cap {A). 

To examine the inside of the valve, unscrew the 
cap (A) and spring-bolt (F), so as to reUeve the 
spring's tension, remove the set screws, and the 
dome (E) and case (G) may then be unscrewed and 
the internal parts of the valve are exposed. 

STAR LOCOMOTIVE POP SAFETY VALVES. 

An efficient form of "open'' or plain locomotive pop 
safety valve is shown in Figs. 2 and 3. As will be 
seen from the latter (the sectional view) the spring is 
encased in a chamber, thereby being protected from 
the escaping steam. The spring discs or seats, both 
top and bottom, are pivoted, in order to overcome all 
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liability of an imperfect bearing of the spring upon 
its valve. 





Open or Plain Locomi 



Figs. 1 and 5 illustrate the muHlcd Star ])0p safety 
valve, which is seen to be similar in construction, 
with the addition of the top hood, or "mufller," which 
tends to greatly reduce the noise of the escai)ing 
steam, and henc-c is of consid<(ral)le advantage. Both 
the plaui and the muflletl valves have large relief 
jwwers, and are made to withstand the highest pres- 
sures used on locomotives. The slotted domes iind 
mufflers have their real aim in preventing dirt iind 
cinders from entering the interior of the valve and 
clogging its free action. All liability of back pressure 
on top of valve, which causes continual chattering, is 
removed. 

By removing the small set screw, shown at the right 
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of both types of valves sliowii, and turnir^ the ring 
within to tlie right or left with a pointed itistrument, 





the discharge when the valve "pops" will be greater or 
less correspondingly. 



MEADV MUFFLED H)COMOTIVE POP SAFETY 
VALVE. 

The cut, Fig. 6, rei)reseiits the Meady mufBed loco- 
motive pop safety \n\\v, showing its internal con- 
struction. It will 1)0 observed that the valve proper 
projects upward through the perforated casing of 
the valve, enclosing within it the spring which holds 
it to its seat; and the upper or outward side of the 
valve is open to the air at all times, so that when 
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the valve is discharging it is free from any pressure 
of the out-going steam, which escapes through the 
perforated casing into the open 
air without a disturbing noise. 

By this design there is no back 
pressure on the valve, and its 
component parts so co-operate 
that the valve rises when it opens 
to a greater height than is usual 
in valves of this character. 

For tension of the spring and 
the adjustment of the parts, 
means are conveniently ar- 
ranged and provided. A lever 
is furnished when desired. In 
size and utility it is believed to 
afiord all the advantages which 
are demanded, and to meet all ' 
the requirements of an exacting 
railroad service. 

Directions. — It should never 
be meddled with unless, it be- ""ttX™-""" 
comes necessary to reset it. In such case, first 
loosen or remove the a(X)rn check nut (K) above the 
spring bolt (F); then holding with a wrench the hex- 
agonal top (ii) of the valve, with another wrench turn 
the nut (J) downward to increase, and upward to 
reduce the pressure, until the valve oi)ens at the 
desired point as indicated by the steam gauge. To 
modify the loss of pressure in blowing, slightly with- 
draw the screw bolt (A/) in the base of the valve until 
it ceases to engage with the ring (L) encircling the 
valve seat (C), then with any pointed instrument 
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inserted into the small opening (A^) near the screw 
bolt, turn tlie ring (L) downward for diminishing, and 
upward for increasing the loss. 



CROSBY LOCOMOTIVE POP VALVES. 

Fig. 7 shows in section a Crosby plain pop 
safety valve. The valve proper [B B) rests upon 
two flat annular seats (V" F) and (W W) on the same 
piano, and is held down against the pressure of steam 
by the stivl si)iral spring (S). The tension of this 
spring isincreasfid by scrcwingdown the threaded bolt 
(L)atthetopof thecyhnder(K). The area contained 
bctw<H'n tin; seats (W) ^^^^ (^) is what the steam pres- 
sure acts upon ordinarily to overcome the resistance 
of the spring. The area containctl within the smaller 
seat {\V M ) is not acted upon until the valve opens. 
The larger scat {V V) is formed 
on the upper e<lge of theshellorbody 
{A ) of the valve. The smaller seat 
{W W) is formed on the upper 
edge of a cylin<irical chamber or 
well (6* C), which is situated in the 
CfuiUT of the sliell or Ixxly of the 
valve, ami is held in its place by 
arms {D D), radiating horizon- 
tally, and connecting it with the 
body or shell of the valve. These 
arms have passages {/?/?) for the 
escape of the steam or other fluid 
from the well into the air when the 
val\'(^ is open. This well is deep- 
enetl so as to allow the wings 
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(X X) of the valve proper to project down into it far 
enough to act as guides, and the flange (G) is for the 
purpose of modifying the size of the passages (E E) 
and for turning upward the steam issuing therefrom. 

Action of the valve when working under steam is as 
follows: When the pressure under the valve is within 
about one pound of the maximum pressure required, 
tlie valve opens slightly, and the steam escapes 
through the outer seat into the cylinder and thence 
into the air; the steam also enters through the inner 
seat into the well, and thence through the passages 
in the arms to the air. When the pressure in the 
boiler attains the maximum' point, the valve rises 
higlier and steam is admitted into the well faster than 
it ran escape through the passages in the arms, and 
its pressure rapidly accumulates under the inner seat; 
this pressure, thus acting upon an additional area, 
overcomes the increasing resistance of the spring and 
forces the valve wide open, thereby quickly relieving 
the boiler. When the pressure within the boiler is 
lessened the flow of steam into the well also is less- 
ened, and the pressure therein diminishing, the valve 
gradually settles down; this action continues until 
the area of the opening into the well is less than the 
area of the apertures in the arms, and the valve 
promptly closes. 

The point of opening can be readily changed while 
under steam by screwing the threaded bolt (L) up for 
diminishing, or down for increasing the pressure. 

The seats of this valve are flat, and do not cut or 
wear out and leak so readily as bevelled seats. The 
valve is made of the best gun metal. 

Directions for Selling,— Screw the head-bolt (L)f 
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Fig. 7, which compresses the spring, up for diminish- 
ing, or down for increasing the pressure until the valve 
opens at the pressure desired, as indicated by the 
steam gauge; secure the head-bolt in this position by 
means of the lock-nut; for regulating the loss of 
escaping steam, turn the screw ring (G) up for 
increasing, or down for decreasing it. 

Directions for Repairing, — This valve having flat 
seats on the same plane is very easily made tight if it 
leaks by following these directions, viz.: With an 
ordinary, lathe slightly turn off the two concentric 
seats of the valve and valve shell or base, respectively, 
being careful that this is done in the same plane, and 
perpendicular to the axis of the valve. The yalve 
will then fit tightly on the valve shell. If no lathe is 
at hand then grind the valve proper on a perfectly flat 
surface of iron or steel, until its two bearings are 
exactly on a plane and with good, smooth surfaces; 
then take the shell and grind its seats in precisely the 
same manner; rinse both parts in water and put 
together, and the valve will be found to be tight; to 
ascertain when the bearings are on the same plane, 
use a good steel straight edge. Do not grind the valve 
to its seats on the shell by grinding them together, but 
grind each part separately, as above stated. 

Other types of Crosby plain and muffled pop safety 
valves are shown in the four next succeeding engrav- 
ings. Figs. 9 and 11, both sectionalviews, also show 
the lever with which these valves are suppUed when 
so desired. It is quit.e customary to supply a cap 
which may be locked over adjusting nut (L), Fig. 7, 
so that no one without a key can alter the adjustment 
of the valves. 
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THE CONSOLIDATED LOCOMOTIVE POP SAFETY 
VALVES. 

Figs. 12 and 13 represent two different types of 
muffled safety valves, made especially for locomotive 
use. These valves were formerly known as the 
Richardson pop safety valves. 

The advantage to be derived from the use of this 
muffled valve in place of the ordinary "open" or plain 





Flat Top Muffler Valve Round Top Muffler Valve 

with Lever. without Lever. 

pop valve is that the noise of the escaping steam is 
reduced to the lowest possible minimum; the steam is 
discharged upwards and with sufficient force to direct 
the current above the top of the locomotive cab, so 
that it does not trail on to the engine or in train 
windows. 

The muffler parts are of simple construction and 
readily replaced from the shops of a railroad company 
at small cost. 
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Fig. 14 shows the Consolidated plain pop safety 
valve for locomotives. This valve is identical in 
construction and operation with that just described, 
excepting that it is not equipped with a mufHer. On 
some roads it has been found an economy to equip 
each engine with one encased and one muffler valve; 
when this is done the muffler valve is generally set at 
alower pressure than the plain encased valve, and thus 




performs all the work required; the plain encased 
valve can thus be used as an auxiliary and to blow 
down the pressure when such is required. 

Directions for Changing the Pressure and Altering 
the Closing Pressure of any of the Consolidated Pop 
Safety Valves.— Remove the lock-up cap, then slack 
up check-nut. If it is desired to increase the pressure, 
turn the compression screw down or to the left about 
one square of the hexagon nut foreach five pounds 
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pressure, then secure the check-nut and let the valve 
blow, noting the increase of pressure by a correct 
steam gauge after the valve "pops." If the pressure 
is reduced too much before the valve closes, remove the 
brass pin or screw from the side of case, and with any 
pointed instrument inserted through the hole from 
which the pin or screw was taken, turn the notched 
adjustabk^ ring inside the case down or to the left, one 
or two notches at a time, until the valve closes at the 
desired pressure. In changing the position of the 
adjustabk^ ring, care should be taken to lock it with 
the pin or srnw each time before blowing the valve, 
and to replace all parts securely after valve is satis- 
factorily adjusted. 

If the pressure is to be reduced, reverse the opera- 
tions descrilxHl above. 

Always connect valves as close to the boiler as 
possible, and when pipe connections to inlet of valve 
must be used, have them the full diameter of the valve 
or larger, and as short and free from bends as possible. 

Great care must be used in making joints with red 
lead, as it is apt to settle on the valve seat, and thus 
prevent its closing tight. 

For a \ariation of more than 10 per cent, in the 
original opening pressure of a valve, a different 
spring should be used. 

THE ASHTON POP SAFET^^ VAI.VE. 

This valve is made both open and with muffler. 
It is a particularly eflicient valve and used very 
extensively on locomotives throughout the country. 

These valves may be regulated from the outside 
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top of the pop and are ordinarily provided with a 
lock for securing the cap and thus preventing the 
adjustment being tampered with by irresponsibles. 



A*blaD Open Pop BafeCy Vulve. Ashton Muffler. 



LOCOMOTIVE INJECTORS. 

This chapter, while devoted to locomotive injectors, 
does not pretend to treat of them in their entirety; it 
does, however, contain brief ^lescriptions and practical 
information on various types in conunon use on 
locomotives. 

The injector was patented in 1858 by Giffard, an 
eminent French engineer, and was introduced into 
this country in 1860. 

There is a great diversity of opinion as to the theory 
of how an injector works, yet that generally accepted 
is that an injector works because the great velocity of 
escaping steam has the power to impart sufficient 
velocity to the feed water to overcome the pressure of 
the boiler. In other words, a jet of steam, under a 
high velocity, strikes the column of water, and, 
mingling with it, carries it on into the boiler, the 
water in the boiler being a passive body. 

Technically speaking, the kinetic, or moving, 
energy of the jet of combined steam and water over- 
comes the static energy, or state of rest, that exists 
within the boiler. A stone suspended from a cliff 
has stored within itself the same energy as that of the 
boulder which has just gone crashing into the chasm 
below; the former is said to have static energy, the 
latter kinetic 

It may here be permissible to use a rude comparison 
to show the effect of moving force upon standing force. 
Imagine two cars of equal weight on level track, 
one at rest and the other moving. When they come 

(134) 
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together, as any practical railroad man knows, the 
result will be that the moving car will push the other 
ahead of it, and itself move on beyond the point where 
they struck. If necessary we could even see that 
should the moving car be much lighter in weight than 
the other, the effect would be the same to a degree. 
Thus, at the boiler check we again have the place of 
coming together of two forces — the stationary force 
from within acting simply on top of the check, beyond 
which it cannot escape, and the moving force of the jet 
of combined water and steam from the injector, which 
can and does not only crowd back the standing pres- 
sure, but itself passes beyond the check and enters 
the boiler. 

It has long been a general belief that the fact that 
the check was below the water level of the boiler 
accounted for the working of the injector, but this has 
been > proven to be untrue. An injector will work 
with the check above the water in a boiler, but the 
circulation in the boiler will be less perfect by reason 
thereof, and more difficulty will be experienced in 
keeping the check from leaking. 

Inasmuch as some injector makers prefer to retain 
the piston theory of an injector's working, it is but 
fair that it should be given and the reader permitted 
to select that most compatible with his own line of 
reasoning. The piston theory is that the steam 
flowing into the large end of the steam tube is con- 
densed by the water, the combined mass practically 
forming a piston, against which the steam acts, and 
as the area of the large steam end of the tube is 
greater than the area of the throat of the discharge 
tube, the water is forced into the boiler. 
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Specially constructed injectors used for boiler test- 
ing or for washing out boilers are sometimes made to 
deliver a pressure four or five times as great as the 
pressure of steam used in operating them. To accom- 
plish this the steam end of the tubes have a larger 
area than with an ordinary injector. 

There are many different classes of injectors, the 
principal types used differing in having a single or 
double set of tubes, fixed or adjustable tubes, and 
open or closed overflow. Each one of these classes 
may be either Ufting or non-Ufting, re-starting auto- 
maticallv or not. 

Injectors in General, — ^The locomotive injector, no 
matter of what type or style, is a delicate apparatus 
requiring care in operation and immediate attention 
when its work is defective, if the best results are to be 
obtained. While the majority of injectors in use and 
those here shown and described are lifting injectors 
and capable of working with a high temperature of feed 
water, yet it is not desirable to heat the feed water 
much in excess of 90 or 100 degrees Fahrenheit. 
Besides the injury to the paint on the tank, it has been 
found by careful tests that the hotter the combined 
delivery of steam and water from the injector, the 
more quickly the injector nozzles and tubes and the 
delivery or "branch" pipe will become filled with lime 
and its proper action become impeded. 

With each form of injector, and with the difTerent 
qualities of feed water used, the length of time an 
injector should be allowed to work before it is given 
attention will vary. However, it is safe to say that 
there are few localities where it would not be advan- 
tageous to remove the injector and place it in a bath 
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of ten parts of water to one part of muriatic acid once a 
month, and between these periods run a quart of acid 
through the injector without removing it from the 
locomotive. 

Instructions General to All Injectors on locomotives 
carrying steam pressure above 180 pounds: 

Set the injector just above the top of the tank. At 
eight feet Uft and 200 pounds pressure, the capacity 
is about ten per cent, less than normal. 

Cold water in the tank is best for the injector. 
Hot water reduces its life and efficiency. At 120 de- 
grees temperature the capacity is about one-third be- 
low the normal. The range of capacities is reduced 
and no injector lifts as promptly with feed water at 
temperatures above this. 

Use large suction pipe and tank valve connections. 
If the diameter is increased one size, the gain in 
capacity is from five to ten per cent. Use large 
strainers with small holes. Small strainers require 
frequent cleaning. If the holes are large, cinders and 
coal pass through and wear the injector tubes. If 
the strainer is too small, the injector does not give full 
capacity. Be sure that the gasket between hose 
and suction pipe is not squeezed so as to close the 
opening. The suction pipe must be absolutely 
tight; any leak of air reduces the capacity and 
makes the overflow valve jump. 

Delivery pipe and main check valve must be of 
ample area. If an injector gives high back pressure 
it is using too much steam. If the delivery opening 
is too small, the power of the injector is wasted in 
incresised friction in the pipes. 

Causes for Various Injector Defects. — Waste at 
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the overflow when the steam pressure drops. — ^Be- 
cause the tubes are designed for higher pressures, 
and too much water enters for the steam to force 
into the boiler. 

When an injector deUvers more water at low steam 
pressures. — ^The tubes are designed for the lower 
pressure and not enough water can enter the com- 
bining tube to condense the steam — the vacuum 
inside this tube is less strong, and not as much 
water is lifted. 

When an injector will not take hot water. — The 
opening of the combining tube is too small to per- 
mit sufficient water to enter to condense the steam. 

When an injector breaks if the valve is 
throttled. — The steam is not condensed and the 
overflow is too small to allow it to discharge freely, 
so that it is compelled to blow back into the suction 
pipe. 

When an injector works better with the steam 
valve throttled. — ^The steam nozzle is too large; throt- 
tling the steam reduces the amount to be condensed 
and increases the vacuum in th^ combining tube, 
increases the capacity and enables the engine to 
steam better. 

When an injector gives a very high back pressure. 
— ^The steam nozzle is larger than necessary to do the 
work of forcing the water into the boiler, and live 
steam is taken away from the cyUnder to heat the 
delivered water. 

It is so self-apparent as to require no reasoning, 
that every engineer placed in charge of a locomotive, 
and whose safety and that of the lives in his charge 
depends so largely upon a proper supply of water to 
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the powerful boiler he is operating, should thoroughly 
understand the construction and manipulation of the 
injectors on his locomotive, or on other locomotives 
which he may be called upon to run any day. He 
should also be prepared to proceed intelligently and 
promptly in case his injector fails to do its work 
perfectly. 

SELLERS' CLASS N IMPROVED SELF-ACTING 

INJECTOR. 

This self-acting injector is designed especially for 
locomotive use. It operates equally well when 
supplied with water under pressure or when it is 
placed above the level of the water supply, provided 
the he^ht of lift does not exceed fifteen or eighteen 
feet. 




Sellers' dasti N ImprovedlSelf-Actinc Injector. 

It is mainly on account of its efficient positive action 
and very wide range of capacities at 200 pounds 
steam pressure, that it is especially applicable to 
high-pressure locomotive boilers. It should work 
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well from the hi(;;hest steam prtssurcs used on loro- 
motivcs down to thirty-live poundis steam preswurc 
williout adjustment and without wasting at the over- 
flow, and by regulating the water supply valve on 
the injector, it is claimed to work at ten to fifteen 
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pounds. As this injector restarts iii.slantly under all 
conditions of s('r\icc, it can well be depended upon. 
Its (;onstru(1ion is ([uite simple and it is easy and 
economical to repair. 
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This injector has shown most excellent results 
when the feed water is strongly impregnated with 
lime. The tubes of all classes of the same size of 
this injector are interchangeable, thus greatly re- 
ducing the extra parts to be kept on hand. 

While this injector may be placed wherever it is 
most convenient for the engineer, it is generally 
located within the cab or part way through the cab 
frame. 

The action of this injector is as foUows: Steam from 
the boiler is admitted to the lifting nozzles by drawing 
the starting lever 33 about one inch, without with- 
drawing the plug on the end of the spindle 7 from the 
central part of the steam nozzle 3. Steam then passes 
through the small diagonally-drilled holes and dis- 
charges through the outside nozzle, through the 
upper part of the combining tube 2 and into the over- 
flow chamber, lifts the overflow valve 30, and issues 
from the waste pipe 29. When water is lifted the 
starting lever 33 is drawn back, opening the forcing 
steam nozzle 3, and the full supply of steam enters the 
combining tube, forcing the water through the 
delivery tube into the boiler. 

At high steam pressure there is a tendency in all 
injectors having '^n overflow to produce a vacuum in 
the chamber 25. In the improved self-acting injector 
this is utilized to draw an additional supply of water 
into the combining tube by oi)ening the inlet valve 
42, which is forced by the jet into the boiler, increasing 
the capacity about twenty per cent. 

The water-regulating valve 40 is only to adjust the 
capacity to suit the needs of the boiler. The range is 
unusually large. 
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The cam lever 34 is only used to prevent the opening 
of the overflow valves when it is desired to use the 
injector as a heater, or to clean the strainer. The 
joint between the body 25 and the waste-pipe 29 is not 
subject to other pressure than that due to the dis- 
charging steam and water during starting; the metal 
faces should be kept clean and the retaining nut 32 
screwed up tight. 

To tighten up the gland of the steam spindle, push 
the starting lever 33 to end of stroke, remove the little 
nut 5 and draw back the lever 33. This frees the 
cross-head 8 and links 15, which can be pushed out of 
the way, and the follower 12 tightened on the packing, 
to make the gland steam tight. 

Operation.—Open wide the valves in the steam and 
water supply pipes (not shown). Draw the starting 
lever 33 slowly all the way back; this lifts the feed 
water and forces it into the boiler with a single move- 
ment. Adjust the capacity with the water-regulating 
valve 40, by means of the handle 41, to suit the needs 
of the boiler. If the water in the tank is warm or the 
suction pipe is hot, or if the injector has not been used 
for some time and condensed water has accumulated 
in the steam supply pipe, draw the starting lever 33 
back about an inch and wait for the water to appear at 
the overflow before bringing the lever 33 way back. 
However, in all ordinary cases the injector should be 
started without the loss of a large amount of water at 
the overflow. 

To obtain the minimum capacity, adjust the water- 
regulating valve 40 by means of handle 41 until puffs 
of steam appear at the overflow, and then open 
slightly. 



LOCOMOTIVE APPLIANCES. 148 

The following rules for procedure when this injector 
fails to do its work perfectly will be found of especial 
advantage to those handling locomotives equipped 
with this injector: 

When the Injector Will Not Lift. — (1) The suction 
pipe may be filled with boiling water. — Draw the 
starting lever 33 back about one inch, close lever over 
waste valve 34 and when the suction pipe is clear, 
open quickly, and water will appear at the overflow. 

(2) Strainer stopped up.— Use same method as 
above, and, if not effective, uncouple pipe and clean 
out strainer. 

(3) Obstruction in lifting combining tube. — Un- 
couple the delivery pipe from the injector and unscrew 
the tubes; carefully examine all holes and pass a 
light brass wire through the combining tube 2 and 
the delivery tube 1 until it strikes the check valve. 
(The obstruction may have dropped out during the 
removal.) 

(4) Obstruction in the lifting steam nozzle.— 
Unscrew spindle nut 5 and pull starting lever 33 
back, drawing off crosshead 8; remove follower 11 
and pull out spindle; unscrew stuffing box 6, slacken 
lock nut 13 and rotate starting lever out of the way. 
Unscrew steam nozzles 3 and hold lightly in vise by 
the square on taper end, using a box wrench on the 
upper hexagon. When separate, clean very care- 
fully with fine emery cloth until the metal is bright, 
without altering diameters. If the surfaces are much 
grooved or cut, substitute new parts. 

(5) Inlet valve 42 may be open. — Remove pin 35, 
unscrew lock nut 13 and swing starting lever 33 out 
of the way; unscrew water stuffing box 10 and remove 
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water valve 40; insert light wire to see if inlet valve 
42 seats freely; if not, remove with a wrench made of 
a piece of flat iron. The spring on the valve stem 
should just close valve when horizontal. 

When the Injector Will Lift, But Will Not Deliver 
the Water into the Boiler, — ( 1 ) Suction pipe choked. — 
This may be shown by steam appearing at the over- 
flow when the starting lever is opened wide, or by the 
deUvery being too hot. The. tank valve may be 
partially closed or hose lining loose. Blow out the 
suction pipe as described before. 

(2) Main check valve stuck on seat. — Shown by a 
heavy, or by a continuous Ught overflow. Tap the 
check valve Hghtly with a lead hammer; if not 
effective, cap of valve will have to be removed when 
engine is not under steam. 

(3) Main check valve too small. — Shown by a 
continuous light overflow or drip. All valves should 
have openings and pipe connections at least as large 
as those of the injector. It is usually advantageous 
to have the suction pipe one size larger. 

(4) Obstruction in the tubes. — Uncouple the deliv- 
ery end of the injector and remove and examine the 
combining and dehvery tubes as before. 

(5) Steam nozzle 3 stopped up. — Remove the steam 
stuffing box 6 and the steam nozzle 3 as before 
described, and see if the main nozzle is choked. 

(6) If the overflow valve 30 vibrates on its seat, and 
the injector works noisily, look for a leak in the 
suction pipe. Draw starting lever 33 back about one 
inch, close waste valve lever 34 and close the tank 
valve sufficiently to produce slight pressure in suction 
pipe; examine all joints and seams carefully for leaky^ 
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which, with large injectors, may be below the water 
line. 

General Instructions. — (1) Blow out all pipes 
carefully with steam before attaching the injector, 
tapping the pipe with a hammer in order to loosen 
all the scale. 

(2) When drip pipe is attached close to overflow of 
injector, it must be of ample size required. 

(3) Always use a dry pipe attachment to insure 
perfectly dry steam. 

(4) The diameter of the strainer should be large 
enough to give an ample supply of water even when 
some of the holes are choked. 

(5) Keep all valves steam tight; all leaks tend to 
increase rapidly owing to the velocity with which 
steam passes through the smallest opening. 

(6) A leak at the overflow valve 30 diminishes the 
capacity of the injector and draws air into the boiler; 
this valve can be ground without removing the 
injector from the engine. Unscrew the coupling nut 
24 and the jam nut 32 at the delivery end; slide both 
parts over the boiler feed pipe and follow with the 
overflow sleeve 29; this uncovers the valve, which 
may then be ground to a bearing, using only fine 
sand or powdered quartz. 

Repairs.— The parts most liable to wear depend 
upon the condition of the steam and the feed water. 
Wet steam cuts out the lifting steam nozzle without 
affecting the other tubes, while grit or dirt in the 
supply water wears the outside of the forcing steam 
nozzle an4 roughens the tubes. Every injector 
should work as Ix^fore described, and, if the steam 
is dry and the water supply clean, will give long and 

10 
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satisfactory service. When new combining and 
delivery tubes are required, remove old tubes from 
body by means of a special wrench provided for that 
purpose; hold the delivery tube in a vise and remove 
piece No. 22 with same wrench; note if shank of check 
valve or bearing in piece No. 22 are worn too much for 
use. Screw new parts together without bending, 
always holding them in vise as close to the threads 
as possible; then place them between lathe centres 
and tap lightly with a lead hammer until the hole in 
the end of the combining tube runs perfectly true. 
See that the seats on the body and the shoulders of 
the tubes show clean bright metal; put a Uttle black 
lead and oil on threads and screw firmly in placQ. 

(2) Keep the steam pipe and chamber free from dirt 
and chips from the threads on the pipes, and the 
steam nozzles perfectly clean. The steam nozzle is 
the life of an injector, and should be maintained in 
best condition. If the injector is new and the lifting 
nozzle should fill up, remove from body as previously 
described and push a piece of card-board down 
through the annular nozzle, so as to drive out the 
dirt; it will probably not be necessary to take the 
nozzles apart. 

(3) When grinding the steam valve, screw the 
steam stuffing box rather tightly against its shoulder 
to insure its proper alignment, after placing a rubber 
washer over the holes leading to the lifting nozzle to 
prevent the sand from working into the lifting jet; 
this washer should, of course, be provided with a hole 
large enough to admit the plug on the end of the 
spindle. Keep the steam valve perfectly tight. 

(4) To remove lime and scale, immerse the tubes 
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or the whole injector in a bath composed of ten parts of 
water to one part muriatic acid. Remove as soon as 
scale is dissolved. 

(5) It is essential that the tubes and nozzles be 
maintained in good condition, and that the propor- 
tions be correct, in order to obtain the best results 
from an injector. The body of this injector will last 
a lifetime, but the tubes require occasional replacing. 
As these can now be purchased or made at a very low 
cost, it is not good policy to allow the condition of the 
injector to run down. 




The Sellers improvtxl self-acting injector known as 
"Class M" is of special form and is interchangeable 
with the "Monitor," "Ohio," and other injfx^tors having 
connections standard thtirewith. 

This form is shown by a general view in Fig. 3 and 
by sectional view in Fig. 4. Its principle and opera- 
tion are so nearly identical with the "Class N" injector 
as to need no special description. 
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Thft Simplex inj('(-lor is what is termed an auto- 
malic instnimonl fLiid will restart, picking up the 
wattT after interruption Trom any cause such as water 
surf^iiiK in the tank wlien the supi>ly is low. It is 
also si^if regnlatiiiK. controlling the water without 
waste at the overflow with a varying pressure of steam 
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from 200 pounds down to 50 pounds without any 
manipulation on the part of the engineer. 

Below 50 pounds pressure the water must be regu- 
lated by the water valve. It will start readily, even 
with a hot suction pipe. This injector is provided 
with an extra water way which is Controlled by an 
inlet valve 9, which valve serves to increase the 
injector's capacity at steam pressures above 150 
pounds. 

Should this valve 9 leak or stick off its seat, the 
key 35 above may be turned one-half turn and thus 
this extra water way shut off. The injector will then 
start and work as an ordinary injector. 

The range of reduction in this injector is nearly 
sixty per cent, and is obtained by means of the water 
valve. The steam valve is supposed to be wide open 
at all times. 

The thumb screw on the lever guide is simply to 
keep the lever in a slightly open position whenever 
the injector is used as a heater, so that the entire 
pressure may not be put on the hose alone. 

The only parts liable to need attention are the steam 
valve and the inlet valve. Should the injector get 
hot every time when out of use, it is evident the steam 
valve leaks and should be ground in. In case tbere 
is any difficulty in starting the injector, it may be the 
inlet valve is out of place (or unseated), and in such a 
case turn the key 35 a half turn, with the letter »S on 
the upper face of the square spindle end, and the 
injector will go to work. At the end of the run this 
valve may be given the necessary attention. 

To use this injector as a heater, close the heater 
cock check and draw out the starting lever. 
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In Starting on h^h lifts and in lifting hot water, 
pull out the starting lever slowl'/. 

To start the injector, pull out the lever; to stop, 
push in the lever. 

NATHAN "MONITOR" INJECTOR. 

While this type of injector is not of such recent 
design as the "Simplex" there are a great many in use. 
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Its method of operation and a description of its parts 
are therefore given here. 

Operation.— Vailve 19 is opened by means of lever 
23, which admits water into chamber 41. Valve 13 is 
then opened by means of lever 17, which admits steam 
into tube 18a, escaping into overflow, thus creating a 
I)artial vacuum in chamber 41 by means of communi- 
cation, through chamber 42, with valve 34 open, 
drawing water from tank into chamber 41, nozzle 26, 
and escaping at overflow. When water thus appears, 
valve 8 is opened by means of lever 10, admitting 
steam into nozzles 25, 26, 27 and 28, forcing check 
valve 31 open and forcing the water already in cham- 
ber 41 into delivery pipe, thus supplying the boiler. 
Water is regulated by valva 19. To shut the injector 
off, valve 8 is closed. 

METROPOLITAN LOCOMOTIVE INJECTOR. 

The Metropolitan "1898" Locomotive Injector is a 
double-tube injector, comi)Osed of a lifting set of tubes 
which lift the water and deliver it to the forcing set of 
tubes under pressure, which in turn force the water 
into the boiler. 

The lifting set of tubes act as a governor to the 
forcing tubes, delivering the proper amount of water 
recjuired for the condensation of the steam, thus 
enabling the injector to work without any adjustment 
under a great range of steam pressure, handle very 
hot water and admit of the capacity being regulated 
for light or heavy service under all conditions. 

This injector will start with 30 to 35 pounds steam 
pressure, and, without any adjustment of any kind 
will work at all steam pressures up to 300 pounds. It 
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is claimed that at all steam pressures and under all 
conditions its operation is the same. When working, 
all the water must be forced into the boiler. It is 
impossible for part or all the water to waste at the 
overflow should the steam pressure vary. 

The independent lifting apparatus produces a 
strong, powerful vacuum, which enables the injector 
to promptly lift the water when subjected to the severe 
conditions of a hot suction pipe, leaking check valves, 
and hot water supply. 

This injector will handle very hot feed water. It 
siarts readily, taking feed-water at 140** Fahr. with 
steam pressures up to 150 pounds, and 135** Fahr. with 
a steam pressure of 175 pounds, and 130** Fahr. with 
a steam pressure of 200 pounds. 

Regulation of capacity is an important, in fact 
indispensable, feature of the perfect locomotive 
injector. With this injector the capacity can be 
regulated for light or heavy service under all steam 
pressures and with hot as well as with cold feed water. 

To Connect and per at e.^-P\3>ce the injector above 
the level of the water in the tender within reach of the 
engineer. Take steam from the dome through a dry 
pipe; should the injector be placed outside the cab, 
extension fittings must be used. 

To Start the Injector. — Pull the lever back slightly 
until the resistance of the main steam valve is felt. 
This lifts the water. As soon as the water is Ufted, 
pull the lever back steadily as far as it will go. The 
injector will then be feeding. Do not push lever in to 
regulate the feed; it must be pulled back as far as it 
will go. 

To Regulate the Feed.—To increase the capacity 
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turn the wheel to the left. To decrease the capacity 
turn the wheel to the right. 

To Use as a Heater.— Close the overflow valve by 
disconuecting the connecting bar and pulling it 
back. Admit steam by pulling the lever slightly. 

General Suggestions for Piping and Making 
Repairs. — ^The Injector is preferably located inside 
the cab thus being directly under control of the 
engineer. It is necessary that the steam pipe and 
the opening in the main steam valve be as large as 
the steam connection so that the injector will receive 
a full supply of steam. If it does not receive a full 
supply of steam it will be sensitive or refuse to work 
at all. The suction and delivery pipes must also be 
large. 

Repairing.— The forcing combining tube 208 is 
subject to the greatest wear, also to incrustation from 
limy or impure water. When this tube shows signs 
of wear, if but little, the roughened part can be 
smoothed. If the wear is considerable a new tube 
should be inserted. In time the forcing steam jet 207, 
the lifting steam jet 224, and the lifting combining 
tube 225, will wear and should be renewed. The 
automatic overflow valve 215 must be tight, and if it 
does not seat tight it should be promptly reground. 
If this valve leaks it will allow the water discharged 
from the forcing combining tube 208 to flow back and 
heat the water between the lifter and the forcer so that 
the injector will break. 

The final overflow valve is made with a special 
disc 249, which is soft. This prevents any damage 
being done to the valve seat. These discs are inex- 
pensive, easily renewed, and do away with the 
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grinding of the valve to its seat. Should the steam 
valve, 206 and 213, leak, it should be reground 
promptly. 

The sectional view shows the injector with the 
vertical form of check valve. If the feed water is 
limy or impure, a swing check valve, as illustrated 
and described elsewhere, should be used. The lever 
movement as shown in the diagram is the improved 
lever attachment. The first Metropolitan "1898" loco- 
motive injectors made had a different form of lever 
attachment. 

THE ^ ^HANCOCK'' LOCOMOTIVE INSPIRATOR. 

The difference between an inspirator and an injector 
is that the former is a double apparatus having both 
lifting and forcing jets and tubes conibined, and 
operating with a closed overflow, while the lifting 
injector has these two parts . independent one from 
the other. 

The tyi)e of Hancock insjuratpr of which Fig. 8 is a 
general and Fig. 9 a sectional view, is designed to 
meet the demand for an instrument of the class which 
is operated by one lever or handle. The regulating 
valve 105, which is directly under the lever, throttles 
the steam supply to the lifter steam nozzle only, 
thereby reducing the capacity of the inspirator from 
the maximum to the minimum without the use of a 
"lazy cock."* This arrangement neither disturbs the 
suction by creating an increased vacuum in the pipe, 
nor impairs the effectiveness of the forcing apparatus. 

* "La7.y C.'ock" wa.s tlic term applied to the valve formerly 
locat-ed in the feed-wat(T pipe, by the opening and closiDg of which 
ihe regulation of the amount of feed- water supplied was effected. 
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Pipe Connections.— To obtain the best results, 
locate the inspirator with the overflow nozzle 108 
about four inches above the water in the tank. Take 
the steam direct from the dome or highest part of the 
boiler, and not from a pipe which furnishes steam for 




other purposes. Place a globe valve in the steam 
pipe, and blow it out thoroughly before connecting 
the inspirator, to remove any redlead, chijs, etc. 

All openings in the steam connections from the 
inspirator to the dome and the openings in the suction 
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or feed-pipe connections from the inspirator to the tank 
must be of ample size. Tiie overflow pipe should be 
the full size of the inspirator connection and as nearly 
straight as possible. The end of the overflow pipe 
must be open to the air, and not piped below the sur- 
face of the water. 



Hancock Locomotive IiUjpin.tor. 

Operation. — To start the inspirator, draw ttie lever 
back to lift the water, then draw it back shwly to the 
stop. When the lever 137 is drawn back slightly, 
steam is admitted to the lifter steam valve 130 through 
the forcer steam valve 126 to the hfter steam no^e 
101. The velocity of the steam into the.lifter am.- 
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bining tube 102 creates a vacuum, and causes the 
water to flow through the Ufter combining tube 102, 
condensing the steam, and out through the intermedi- 
ate overflow valve 121 and through the final overflow 
valve 117 in the delivery chamber. A further move- 
ment of the lever 137 opens the forcer steam valve 126 
admitting steam to the forcer steam nozzle 103 and to 
the forcer combining tube 104, and creating a pressure 
in the delivery chamber sufficient to close the inter- 



LIST OF PARTS FIG. 9. 



101. Lifter Steam Noszle. 

102. Lifter Tube. 

103. Forcer Steam Nozzle. 

104. Forcer Combining Tube. 

105. Regulating Valve Spindle. 
Rubber Wheel for lO.'i. 
Back Plate for 105. 
Bra.ss Washer for 105. 
Screw for 105. 

106. Connecting Rod. 
Spring for 106. 

108. Overflow Nozzle. 
111. Line Check Valve. 

Case for 111. 

Cage for 111. 

113. Brazings Nipple for Steam (Con- 

nection. 
Brazing Nipple for Suction Con- 
nection. 
Brazing Nipple for Delivery 

Connection. 
Brazing Nipple for Overflow 

Connection. 
Threaded ^ Nipple for Steam 

Connection. 
Threaded Nipple for Suction 

Connection. 
Threaded Nipple for Delivery 

Connection. 
Threaded Nipple for Overflow 

Connection. 

114. Coupling Nut for Steam Con- 

nection. 

Coupling Nut for Suction Con- 
nection. 

Coupling Nut for Delivery Con- 
nection. 

Coupling Nut for Overflow Con- 
nection. 

115. Connecting Link for Final Over- 

flow Valve. 
Steel Pin for 115. 
Tobin Bronze Bolt for 115. 



Tobin Bronze Nut for Bolt for 
115. 

1 17. Final Overflow Valve Stem. 
Disc for 117. 

Nut for 117. 

118. Bonnet for Final Overflow 

Valve. 

119. Packing Nut for Final Overflow 

Valve. 

120. Bonnet for Intermediate Over- 

flow Valve. 
Tobin Bronze Cap Screw for 

120. 
Iron Washer for 120. 

121. Intermediate Overflow Valve. 

122. Holder for Overflow Valve 

Crank. 

123. Adjusting Ring. 

124. Bonnet for Regulating Valve. 

125. Packing Nut for Regulating 

Valve. 

126. Forcer Steam Valve. 
Coupling Nut for 126. 

127. Bonnet Tor Steam Valve. 

128. Packing Nut for Steam Valve. 

130. Lifter Steam Valve. 

131. Tobin Bronze Stud for Connect- 

ing Rod. 

132. Tobin Bronze Stud for 122 and 

133. 
Tobin Bronze Nuts for 122 and 
133. 

133. Crank for Overflow Valve. 

134. Side Strap — right hand. 
Side Strap — left hand. 
Tobin Bronze Bolt for 134. 
Tobin Bronze Nuts for Bolt fo. 

134. 
137. Lever. 

Wood Handle for 137. 
Screw for 137. 

145. Tobin Bronze Pin Connecting 

1.37 and 146. 

146. Steam Valve Stem. 
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mediate overflow valve 121 and open the intermediate 
or line check valve 111. 

The final overflow valve 117 will be closed and the 
inspirator in full operation when the lever is drawn 
back to the stop. When the pin in the wheel of the 
regulating valve is at the top, the inspirator will 
deliver its maximum quantity of water; to reduce the 
feed, turn the regulating wheel to the right. 

To use the heater attachment lift the connecting 
rod until disengaged from the stud in the lever, then 
draw bac^lv the connecting rod to close the overflow 
valve. Regulate the quantity of steam by the lever 
without throttling the main steam valve on the 
boiler. 

If the inspirator "breaks" or will not start promptly, 
see if there is a leak in the suction connections. If 
the oi)enings into the tank are too small, or the hose 
strainer clogged, or the hose kinked or its lining col- 
lai)se(l, the ins])irator will not get a sufficient supply 
of water. 

If the inspirator will lift the water, but will not 
dc^liver it into the boiler, see that the main (boiler) 
check valve is in i)roper working order. If the open- 
ing in the main steam valve or its connections is not of 
the nHjuired size or there is a leak in the dry pipe, the 
sup])ly of steam will be insufficient. 

If the overflow pii)e is smaller than the overflow 
nozzle there will be back-i)ressure, which will interfere 
with the projxT working of the inspirator. 

lujVclors sometimes fail to operate when the water 
is low in the tank, but an inspirator will continue to 
opcTate when properly supplied with steam and water, 
and will not "break" unless the water is taken from the 
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suction. An engineer will quickly know by the sound 
when an inspirator "breaks." 

THE HANCOCK "COMPOSITE" LOCOMOTIVE 
INSPIRATOR. 

The "composite" is a compound Hancock inspirator, 
consisting of two separate and individual inspirators 
within one body, which can be operated separately or 
simultaneously, as desired. 

Each and every part of a"composite" type inspirator 
that is subject to wear and renewal is identical in 



Hancock "Composite" Locomotive Inspirator. 

design and interchangeable with the corrftS[X)nding 
part of the standard locomotive inspirator of the 
same size. 

This instrument enables two inspirators to be con- 
nected with practically the atpense of connecting one, 
thus giving two independent ways of feeding the 
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boiler. By making practice of operating one instru- 
ment one time, and the other the next, both are con- 
stantly kept in perfect working order. The "com- 
posite" takes up practically no more room than a 
single instrument. 

Where it may be desired to locate both injectors on 
one side of the locomotive convenient to either the 
engineer or fireman who has charge of pumping the 
engine, or on the boiler butt available to both, the 
advantages of the "composite" are apparent. 

This instrument can be used and a steady feed kept 
when there is a great variation in the power us^. 
With the various combinations of nozzles used it is 
possible to keep a steady feed when using but eighteen 
per cent, of the maximum horse power of the boiler. 
For example, take the special size of the "composite," 
arranged with size 40 nozzles in one side and size 55 
nozzles in the other; when both instruments are work- 
ing simultaneously the water delivered is suflBcient to 
supply 1150 H. P. of boilers; by shutting off the size 
55 inspirator, and reducing the feed of the size 40 
inspirator, steady feed for 200 H. P. can be main- 
tained. Engineers will appreciate the advantages of 
this instrument where there is a great variation of 
power used. 

By removing the delivery connection, which is 
joined to the body by a flanged joint, the forcing tubes 
of each inspirator are easily removed for cleaning or 
repair. The valve mechanism of each instrument 
is independent, the same as the Hancock inspirator, 
previously shown. The capacity of each inspirator 
can be regulated by the regulator. The minimum 
capacity is obtained by using the smaller inspirator 
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with reduced feed. The maximum capacity by work- 
ing both inspirators full. 

Operation. — ^The Hancock "composite" inspirator is 
operated the same as the Hancock inspirator, type 

When it is desired to use both inspirators at the 
same time, start one, and after it is going start the 
other. 

The arrangement of the different connections to the 
"composite" inspirator are somewhat varied. All 
have one each steam and overflow connections and a 
double suction connection — one to the left and the 
other to the right tank valve. The delivery connec- 
tions can be combined, as shown in Fig. 10, to feed 
through a single boiler check, or entirely separate, 
supplying the boiler independently through each 
boiler check. 

THE LUNKENHEIMER LOCOMOTIVE INJECTOR. 

The Lunkenheimer '99 model standard injector is 
claimed by the manufacturers to be especially suitable 
for high-pressure work. The machine is of the double 
tube positive closing overflow type, but the lifting and 
forcing tubes are all in one line, and, in this respect, it 
differs in construction from the Metropolitan, Han- 
cock and other machines, where the lifting tubes are 
situated below the forcing set. 

This injector also differs in several other particu- 
lars; for instance, the regulation of the water dis- 
charge is accomplished in a different manner from 
any other injector. In the Lunkenheimer injector the 
amount of steam required to lift the forcing water is 
reduced in direct proportion to the amount of water 
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discharged. In olher forms of injectors the amount 
of forcing steam remains constant, while only the 
lifting steam and water are decreased. The effect of 
this nHluclion of all three items in proportion results 
in causing Ihe discharge to be cooler at minimum than 
ir -ither injectors of this class. 




The grading, as (losrritied in detail below, is accom- 
plLshetl l)y moving the steam tube (2) in and out by 
means of the crank handle (5B) situated at the back 
end of the machine. 

Mode of Action.— In starting, lever (59) is drawn 
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back slightly. This movement draws the steam 
valve (7) back and unseats same partially, which 
admits the Ufting steam through passages in cap (3) 
and huddler (4), but around steam tube (2), into the 
water Ufting tute (5), opening valve (11) and exhaust- 
ing partially through the valve (4) and also through 
the tube (6) and out through overflow valve (15) into 
the atmosphere. The steam thus exhausted exerts a 
strong draught in the suction branch, discharges the 
air, and the water is "lifted." When water appears at 
the overflow, lever (59) is drawn all the way back. 
This movement uncovers the ports in the movable 
steam tube, admitting the jet of forcing steam, which 
drives the water through the forcer combining tube 
(6). By the same movement of the lever (59) the rod 
(20) is withdrawn and valve (15) is seated by the 
increasing pressure in the delivery chamber. Valve 
(11) is also seated by the pressure on top of same, and 
all water is forced through the tube (6), overcomes the 
boiler pressure on line check valve (17) and passes 
into the feed pipe. The amount of water delivered is 
regulated by the movable steam tube (2). This tube 
moves longitudinally through the other tubes in the 
machine and is actuated by the threaded stem (1) and 
crank (56). To deliver the maximum amount of 
water the tube is withdrawn to its limit. This admits 
the maximum amount of steam around the outside of 
the tube to lift the water, and also to the interior of 
same to force the jet of water into the boiler. The 
withdrawal of tube (2) also increases the passageway 
around same and through tubes (5 and 6). When it 
is desired to reduce the capacity, the crank (56) is 
turned from left to right, which forces the tube (2) 
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into the openings in tubes (4, 5 and 6). The 
effect of this is : 

First. To cut off the amount of forcing steam pass- 
ing through the ports in the end of tube (2) as same is 
moved into the tubular extension of huddler (4). 

Secondly. It decreases the passage of lifting steam 
around tube (2) and through huddler (4), due to the 
tapering diameter of tube (2) approaching the fixed 
internal diameter of huddler (4). 

Thirdly. The passage ways through tubes (5 and 
6) are decreased as the tube (2) is passed into same. 

The amount of steam required is decreased propor- 
tionately to the quantity of water discharged. In 
other injectors the discharge of steam remains con- 
stant, while the water alone is decreased in quantity. 
The result of this method is that this injector delivers 
water, when working at minimum, at a lew tempera- 
ture. As scale only forms when water is heated to 
high temperatures, there is less liability of trouble 
from this cause than with machines where the dis- 
charge is very hot. 

The auxiliary water valve (12) is situated at the side 
of the machine and controls the port between the 
suction branch and the intermediate chamber of the 
injector, see sectional cut. The function of this valve 
is to make the injector self-adjusting and unaffected 
by variations of steam pressure. At certain pressures 
the water lifting tube does not deliver a sufficient 
quantity of water to condense the steam, and at such 
times the vacuum formed in the chamber causes the 
valve (12) to open and admit the additional amount of 
water required. 

This machine is claimed to be very economical and 
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efficient, and will work at all pressures from seventy to 
two hundred and fifty pounds without any adjustment 
whatever. 

THE OfflO LOCOMOTIVE INJECTOR. 

The Ohio injector is noted for its simplicity, having 

few parts and those arranged conveniently for repairs. 

It will be noted from the sectional view here shown 



that the combining tube and the delivery tube are 
screwed directly to the delivery end connection on the 
right in the cut, and can be taken out with an ordi- 
nary wrench without disturbing the other tubes; the 
lifting tube, instead of being screwed to the injector 
body, is held in place between the two flanges which 
are bolted together, as shown. This design lessens 
the hability of marring or breaking the tubes in theii 
removal for inspection or repairs. 
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This injector is intercliaiiKcable with the other 
principal injectors used, tlie size and location of its 
connections being the same. 

THE NIAGARA LOCOMOTIVE INJECTOR. 

This injector is of the double tube type, strongly 
built, and is thoroughly balanced, requiring but little 
effort to operate it. 




The forcing wafer and steam nozzles are both 
connected directly with the spindle operated by the 
handle (//). The oxerflow valve is in a vertical posi- 
tion. The regulation is effected by the spindle (S) 
reducing the quantity of steam supplying the suction 
steam nozzle, thereby diminishing the quantity of 
water delivered to the forcing nozzle. 

The cut shows the injector adapted to the Sellers 
pipe connectioii. By interchanging overflQW |M)??l6 
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(C) with plug (P) and replacing tne water connectioTi 
(H) with a longer leg, tlie Monitor pipe connections 
are obtained. 

Operation. — To start, pull the handle slightly until 
water appears at overflow (C), then draw handle 
completely back. 

To stop, push handle forward through its full 
stroke. 

To r(^ulatc its capacity, turn wheel {S). 

To Use as a Heater. — Full handle I^ack witlia. quick 
motion, through its full stroke. When used as a 
heater a full head of steam cannot blow back into the 
tender, and thus the water hose are protected against 
being blown off. 

"LITTLE GIANT" LOCOMOTIVE INJECTOR. 
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This injector is fitted with a movable combining 
tube (part numbered 25 in sectional view) operated by 
a lever which allows it to be adjusted to work 
correctly at different pressures of steam and under the 
many conditions required of a locomotive injector. 

To Operate. — Have the combining tube in position 
to allow sufficient quantity of water to condense the 
steam when the starting valve is full open, then open 




utile Giant Locomatlre lajector. 



the starting valve slightly; when water shows at the 
overflow, open full. Regulate the water by moving 
the combining tube — toward A for less waterj and 
toward B for more water. 

To Use as a Heater. — Close the overflow by moving 
the combining tube toward B until the tubes 25 and 26 
come together, then open the starting valve enough to 
admit the quantity of steam required. 



BOILER WASHING AND TESTING 

APPARATUS. 

The accompanying engraving shows a washinfz 
and testing apparatus, which will wash out, fill, and 
apply pressure to a boiler, with hot water. It has a 
capacity of 5,000 gallons per hour. When this appa- 
ratus is used, the boilers are washed much more 
effectually than can be done with cold water, and 
their temperature is not materially reduced, which is 
injurious to flues and fire-box. It enables one to 
blow out, wash and fill with hot water and have a 
locomotive ready for service within one hour, without 
injury to the boiler. 

This apparatus has connection for 2-inch pipes, 
and must be located where the water will flow to it. 

When applying pressure this apparatus will pro- 
duce and maintain from three to five times the amount 
of steam pressure used in operating it. 

To Attach. — Connect steam pipe to swivel No. 1; 
water supply No. 2, and discharge to No. 3. 

To Wash Out Boiler. — Close overflow (O) by mov- 
ing tube (C) over to the discharge. Open water 
supply, then steam valve (A), until the require J 
force is obtained. 

To Apply Pressure,— When boiler is filled with hot 
water, the same as when washing, shut steam valve 
(A); open overflow (O) by moving combining tube 
(C) to about midway of its travel; when water 
shows at overflow (O), open steam valve (B) slowly 

an) 
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until full open; then adjust combining tube so as to 
allow the least quantity of water possible to show at 
{O). Relief valve (li) can be adjusted as desired. 

Keejjing the cock to the pressure gauge partly 
closed will prevent the hand from unduly vibrating. 

One1)f the Many Ways It May Be Located, is so to 
lake cold water to the apparatus from, and put hot 
water back into the pipe that supplies water for 




Boiler Washlna and Testing Apparatua. 

washing wifh cold water — always putting in a stop 
valve or cock between the connections. The hot 
water from llie apparatus will pass with great force 
through tlu'samc pipe, hose, nozzles, etc., as are used 
with cold waliT. 

"SWING" INTEHMFDIATE OR LINE CHECK VALVE. 

The chock shown in Ihe accompanying engraving 
'■an he ai)plied to Wu; "branch" pipe or injector delivery 
pipe of any locomotive injector. 
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Experience has proved that a hinged or swinging 
movement of the valve is more reMabIc and its action 
more certain than either the horizontal or vertical 
types with a sliding movement, especially where 
trouble is caused by incrustation 
from limy or impure water. 

There are no wings or guides r 
to become incrusied withscaleor I 
deposit white the valve is open I 
and to prevent its closing, and c 
the liability of damage or delay 
caused by the valve sticking or 
failing to close is obviated. 

No matter how efliciently a boiler check is used, 
there is no question as to the double advantage gained 
by the use of a line check valve, and few modern 
equipped locomotives are now without them, 

OIL CUP— FOR INJECTORS AND INSPfRATORS. 
For lubricating the internal parts of 
any injector or inspirator it is very 
desirable to have a suitable oil cup, 
as shown in the engraving (Fig. 1), 
attached to the injector or steam pipe. 
It is considered that the introduction 
, of oil into the steam chaml)er is more 
' effectual than ils admission into the 
waler c'>amlxir. Ilenre the oil cup 
stiould be arranged to discharge di- 
rectly into the .steam chamln'r, thereby 
lubricating the n (Zzles, tubes anil other 
parts subjtvrt to wear, and preventing the adhesion of 
acale formed by impurities in the water. 




174 LOCOMOTIVE APPLIANCES. 

When the filling plug is unscrewed sufficiently to 
allow the steam to escape, the valve in the bottom 
closes and the oil cup can be readily filled without 
closing the main steam valve. When the filling plug 
is again screwed into position the valve in the bottom 
is opened and the oil feeds out. 



THE EJECTOR OR JET PUMP. 

The "ejector" or Jet pump is designed for use at 
railroad water stations, on construction trains, for 
emptying wheel pits and similar railroad service. 




Penberthy Elector. 



It is a device, simple in construction, compact in 
form, convenient to handle, has no movable parts and 
cannot get out of order. 

Fig. 2 shows the position in which an ejector should 
be placed for high elevations. For lifting only the 
ejector can be placed at the boiler level. 

Where it is required to lift water ten feet or over 
it is advisable to place a foot-valve on the lower 
end of the suction pipp. 

All ejectors, if properly constructed, will lift water 
to a height of twenty-five feet, but for elevating 
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over twenty-five feet the ejector should be placed 
near the water level and a delivery pipe one -size 
larger than the connections used. In this man- 




EJcdor, showlni 



ner water can be lifted about fifty feet with seventy- 
five pounds steam pressure, and about seventy feet 
with one hundred pounds steam pressure. 
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Fiff. 3 is a general view of the Hancock ejector. 

The "steam," "suction" and "delivery" connections 
are as illus- 
trated. 

The suction 
connections 
must be per- 
fectly tight. 
Before operat- 
ing the ejector 
blow out the 
steam pipe . to 
remove any 
iron chips, red 

Hin™-k EkPlo. ot Jci Pump. (g^d, etC. 

To use an ejector economically, r^ulate the quan- 
tity of steam with the starting valve. 

This ejector is furnished to operate with either 
steam, air or water. 




LOCOMOTIVE BOILER CHECKS. 

Too great care and attention cannot be given this 
important part of the locomotive.* 

Leaky boiler checks are always a source of great 
annoyance and no injector, no matter how good it may 
be, will give satisfactory service under these condi- 
tions. The check valve must have suffi(dent "lift," 
that is, be allowed to raise sufficient distance from its 
seat, and when the injector is shut off the check valve 
must close; if it does not, but sticks or cocks to one 
side, the steam from the boiler has a tendency to blow 
back through the injector and cause the latter to 
become heated beyond its proper working condition, 
and also causes the injector and branch pipe to 
become incrusted with lime or other deposits. 

The object of the boiler check is to prevent a return 
flow of water from the boiler when the injector is shut 
off; the valve is automatically closed by the pressure 
from the boiler acting upon its upper surface. 

Fig. 1 gives three views of a commonly used loco- 
motive boiler check valve, the casing being made of 
heavy cast iron; the ad\ antage of this form of casing 
is that any ordinary amount of pounding and rapping 
that usually occurs when a check "sticks up" will not 
spring the body and cage of the check and thereby 
render the valve inoperative. 



* For the location of the locomotive boiler check, see the chart 
'American Steam Locomotive," parts numbered 120 and 121. 
13 (177) 
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BtuleiChecb Valve, with Cast Iron Casiag. 

depends a great deal upon the 
sizeof both check and injector, 
but should not be less than 
one-fourth of an inch nor 
rarely over three-eighths of 
an inch. 

A combined main boiler 
checlc and stop valve is 
shown in Fig. 2. 

The main check valve and 
its seat can be removed for 
grinding or repair while the 
boiler is under steam. This 
is often of great advantage 
when a railroad is taxed 



The check valve 
itself is generally 
but a small part of 
the boiler check, as 
the whole attach- 
ment is termed . Most 
check valves have 
three or four lugs or 
"wings" which ex- 
tend below the valve 
seat and serve as 
guides to the proper 
re- seating of the 
valve. 

The propver "lift," 
that is, the amount 
the valve can raise, 
to give a boiler check 
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to the limit for locomotives and often effects a saving 
of several hours. The illustration shows the stop 
valve (which is adjusted from the top outside) closed, 
and the check valve and seat removed. When the 
check valve is replaced it is evident its lift can be 
regulated by the amount the stop valve is raised. 

Another ingenious form of combined check and 
stop valve is shown in Fig. 3. 

As will be seen, there is a main body {D) in which 
is the conical plug-like cage {D), held in place by the 
cap (C) and* ring (F|. 
Inside the cage (B| is the 
usual check valve {E), the 
lift of which is controlled 
by the "stop" or projection 
on the cap {A). 

Should the check valve 
become stuck or leaky, the 
whole cage (B) can be turned 
like a plug cock, closing 
the opening to the boiler and 
thereby acting like a stop 
valve between the injectoi 
and the boiler. The cap 
{A) can then be removed combined check and stop vhIvb. 
and the valve {E) re-ground with a screw-dri\cr, 
turning the cage back into its original position after 
the repairs are effected. 

With the boiler check shown in Fig. 4, the rotary 
movement of the seat while closing (by the effort of the 
inclined turbine wings under the seat) on passage of 
fluid, makes a clean and sure closing check. This 
may be used with or without an adjustable top, shown 
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at the left of the stem, which allows the volume of 
passage to Iks varied, and thereby i)roves valuable for 
very careful adjustment in the working of itijertors. 




Mjller Turbine BoJer Cheik Valve 

Therotar\ seat insures an p\en wear and long life, 
and the mode of passage of fluids msures a clean 
valve al all times. 



LOCOMOTIVE SLIDE VALVES. 

The valvd is the device wiiich admits steam to, and 
allows it to exhaust frotri the cylinder of every steam 
enj^ino. Tiie fortn of valve tiaving a flat seat upon 
which it slides hackward and forward is termed a 
shde valve. The slide viilve was used as a means 
of distributinji; steam in a cylinder before the. loco- 
motive was iiiventwl, and has ever since been an im- 
portant factor tliercin. * 




The plain slide vahe was lou^ the standard for 
locomotive practice, but in more recent years with the 
increased size of locomotives and ttieir correspond- 
ingly larger jwrts, together witli the advent of the 

*"Tlii> Scii'iipc of HiilhvHj-s" .■miUiiiH Jiiiiiiy illustrations and 
inui'li irifoniiHtiwi rcliiUvc to llio distribution of sti'imi by Uic slide 
valvo and tin- erfcd tries iitid link inolion which give the movement 
thereto; aUo informution conecrniitg vulvo diiueii:»onfi, etc. 
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present era of high steam pressure, the friction be- 
tween valve and valve seat became excessive. These 
strains must be borne by all parts of the valve gear, 
which increased greatly the frictional resistances 
therein, and also taxed to the limit the power of the 
engineer in reversing the engine. Reversing cylin- 
ders were invented and appUed to many locomotives, 
to the relief of the engineer, but not in any way reduc- 
ing the frictional resistance, which was a large por- 
tion of the engine*s entire power. 

Finally it wasfound thatby reUeving much of the 
steam pressure from the top of the valve — that is, 
partially balancing it— the friction could be greatly 
reduced. Of the many means devised to balance the 
slide valve but few have attained that point of use- 
fulness to merit special description herein, but those 
widely used throughout the country are here given. 

The engraving given of the plain slide valve 
(Fig. A) gives graphic definitions of the various 
valve dimensions as they are technically known. 

THE RICHARDSON BALANCED SLIDE VALVE. 

Referring to the illustrations, Figs. 1 and 2 are 
longitudinal and transverse sections through the 
centre of an ordinary locomotive steam-chest fitted 
with this valve. Fig. 3 is a plan of the valve, and 
Fig. 4 is an elevation of one of the end packing strips 
and springs. The only alteration made in the plain 
valve is the addition of the balance plate (A), and the 
substitution of a valve suited to receive the four 
packing strips (p, p, p, p,) 

In these engravings the balance plate is shown 
bolted to the steam-chest cover, but it is obvious that 
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they may be cast in one piece if desired. As will be 
noticed, the four sections of packing enclose a 
rectangular space {sSj Fig. 3), which is made equal 
in area to the amount of valve surface which it is 
desirable to relieve of pressure; the packing strips 
preventing steam from entering this space and its 
conununication with the exhaust port in the valve, 
through the small hole (fe), relieving it from any 
pressure that might otherwise accumulate. These 
packing strips, four in number, as previously 
noticed, arc: the two longer ones, plain, rectangular 
pieces of cast iron, while the shorter ones, as shown 
in Fig. 4, are made with gib-shaped ends to retain 
them in place. 

Under each packing strip is placed a light semi- 
elliptic spring — one of which is shown at m, Fig. 4 — 
which serves the purpose of holding the packing 
strips against the balance plate when steam is shut off. 
While in operation, the different sectiojis are held in 
steam tight contact, by direct steam pressure, with 
the balance plate and with the inner surfaces of the 
grooves cut to receive them, the joint being made 
complete by the abutting of the ends of the long sec- 
tions against the inner surfaces of the gibbed sections 
at the four corners. 

The Richardson form of balanced valve is used 
more extensively than any other balanced valve in the 
country. 

THE ALLEN-RICHARDSON BALANCED SLIDE 

VALVE. 

The purpose of the Allen valve is to prevent, in part, 
wire-drawing of steam when running at high speed 
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with the valve cutting off early in the stroke. The 
Allen ports furnish an additional passafte for the 
admissiou of steam at such times; thus, when the 
steam port is open one-half inch in the ordinary 




manner, the port of the cored passage is also open to 
the same extent on the other side of the valve and 
consequently the effective area of the ste;im port is 
doubled and becomes equal to a single port open 
of one inch. 
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The wire-drawing which takes place when an 
engine is running at high speed with the valve cutting 
off early in the stroke is thus much diminished and 
the consequent economy of steam and coal is obvious. 
The lessened wire-drawing implies a higher average 
pressure on the piston when working at the same 
cut-off and, therefore, the usual average pressure can 
be obtained with a shorter cut-off, thus effecting an 
appreciable economy. Hence the unbalanced Allen 
valve effects a better and more economical distribu- 
tion of steam; but its use is attended with certain 
disadvantages. The bearing surface on the face of a 
slide-valve is never sufficiently large to enable it to 
wear well under the heavy pressure of steam, and this 
wearing surface is still further reduced in the Allen 
valve, owing to the internal steam-ports. The 
internal passage virtually divides the valve into two 
parts and the pressure of steam acting on the outer 
part springs and bends its working face below that of 
the internal or exhaust part of the valve. The useful 
wearing face thus becomes reduced to a space about 
half as wide as the outside lap of the valve. It is, 
therefore, not surprising that the Allen valve when 
unbalanced wears very rapidly and the trouble and 
expense of constantly facing valves and seats and the 
loss of steam in blowing through leaky valves, coun- 
terbalances the advantages gained by the diminished 
amount of wire-drawing. These disadvantages are 
entirely overcome by properly balancing the valve, 
and then are gained, not only all the advantages of 
the Richardson balancing device, but also the 
increased steam economy from using the Allen ports. 

To be sure of getting the very best results from the 
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use of the balanced Allen valve, the ports and bridges 
should exceed the full travel of the valve by at least 
one-eighth of an inch. The radius of the link should 
always be as long as permissible, to avoid an exces- 
sive increase of lead when cutting off early in the 
stroke. 

THE AMERICAN BALANCED VALVE. 

Two forms of this valve are illustrated, together 
with a longitudinal sectional view of the valve in the 




steam chest. Experience proves this balance to be 
a very successful form of balance valves. This is 
due to the simplicity of construction, positive action 
and very large area of balance. The beveled ring 
is self-adjusting — no springs being required — hence 
not liable to get out of order. 

This form of balance may be applied to almost 
every form of slide valve. 

,The American balance valve is used by a great 
many railroads in this country, consequently details 
of its construction are here given, believing they will 
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be interesting to a large number of railroad men. It 
has also attracted the attention of foreign builders 
and is now in use upon many locomotives in foreign 
countries. 

The claims of advantage for this valve are, first of 
all, an absolutely steam-tight joint, not only when 
newly fitted, but all the time. Second, greater area of 
balance. The formula for figuring the area of bal- 
ance differs from many others, and yet this valve will 
not raise from its seat under all ordinary conditions 
of service. It should be explained that this valve is 
balanced in what is presumably its heaviest position, 
and with the steam pressure acting on the circumfer- 
ence of this taper ring, it will be observed that for the 
valve to lift it is necessary to force the cone up into 
this taper ring; and since the ring is held by the steam 
chest pressure from opening, the valve cannot lift 
without first overcoming the friction of the beveled 
face, besides opening the ring against the steam chest 
pressure. Th(^ lighter positions of the valve, where a 
straight wall balance would allow the valve to go off 
its seat, need not be considered. It should not, how- 
ever, be assumed that this taper will crowd the valve 
down on its seat, which would appear to be a natural 
conclusion to draw, from its manner of preventing the 
valve from leaving its seat. If the degree of taper 
was made great enough — forty-live degrees or greater 
— the action of the steam chest pressure on the cir- 
cumference of the ring would, of course, wedge it in 
between the cone and the chest cover and exert an 
enormous i)ressurc on the valve. In fact it would not 
work satisfactorily at all; the friction would be too 
great. This, however, is not the case. Experiments 
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have been made with this taper from nine degrees to 
Iwenty-four degrees, and the proper degree of taper 
lias been found with which the ring is certain to rise 
under all conditions, and yet not crowd itself against 
the upper bearing more than necessary. This is 
demonstrated by the fact that rings have been reported 
to have run 190,000 miles with only one thirty-second 
of an inch wear off their face. 

This form of balance is extremely simple, has no 
delicate parts, is little Ukely to be broken, has positive 
automatic adjustment, self-supporting feature of the 
ring, and entire absence of springs. Its cost of con- 
struction is low, and it can be maintained at small 
expense. It might be stated in explanation of this, 
that the only repair necessary is to put on a new ring 
when the old one has worn out from the top down- 
ward. As the new rings are one inch deep they can 
easily wear three-eighths of an inch and still adjust 
themselves; and to wear a ring three-eighths of an 
in(*Ji, a«=5suming that it is made of proper metal, will, it 
is claimed, require from four to eight years in con- 
cinual ser\1ce. When the old ring is taken off the 
cone and a new one from stock placed on the old cone, 
the balance is just the same as when all is new. This 
is explained by the fact that since the steam pressure 
on the circumference of the ring holds it firmly against 
the beveled face of thc^ disc or cone while in operation 
under steam (its own tension hokling it when not 
under steam), there is absolutely no lateral wear on 
the ring or disc; hence, a new ring fits an old disc* at 
any future time. 

Sin(*e tlu\se rings are all lathe work (it does not 
require more than twenty minutes* hand work to fasten 
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on the L-shaped piece for covering the cut of the ring) , 
it will, therefore, readily be seen that the expense in 
taking a slock ring and renewing the balance is small. 
It would appear that the disadvantages of other 
valves are removed in this valve by the taper featureof 
the ring. A variation of one-thirty-second of an inch 
in the diameter of a ring either way from the sizes 




Single Disc Ameriean BaloDog ValvB. 

required would not in any wise interfere with the serv- 
ice of the valve, since the ring is turned one-fourth of 
an inch smaller than its working diameter. 

The ring is expanded over the- cone and thus 
receives a tension which makes it self-supporting 
when not under steam; the steam on its circumference 
supports it when in operation. The outside rim or 
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flange, as shown, extending outside the taper ring, is 
to prevent pieces of the ring from falling in the path of 
the valve in the event of accident to the ring. 

Several forms of this balance are used, the simple 
disc (Figs. 1 and 2) and the double disc (Fig. 3) being 
more fully described. 

Single ''Disc'' American Balanced Valve. — ^The 
single disc balance should always be used where chest 
room will permit it, as one ring and disc is simpler 
than two, but it will be noticed that in this form the 
ring and oone extend beyond the sides of the valve. 

RtUe.—FoT length of steam chest for single bal- 
ance, add the extreme travel of the valve to the outside 
diameter of disc, and to this sum add not less than 
one-half inch for clearance — one-fourth inch at each 
end of chest. If a little more clearance is desired, thu 
rims of disc may be cut one-eighth inch, i. e., just 
flattened on two sides in line of valve travel; but in no 
case are they to be cut beyond their inside diameter. 
If sufficient clearance cannot be obtained by cutting 
the rims one-eighth inch each side in line of valve 
travel, then double balance must be used. 

The ring must be protected by the disc, and when 
figuring outside diameter of ring one-fourth inch must 
be added for the joint plate and the ring must be fig- 
ured when expanded on the cone until its top face is 
flush with top of cone, or at ite greatest possible 
diameter. 

Fig. 2 shows the single disc balance valve with 
cone and ring removed. 

Double "Disc'' American Balanced Valve. — When 
the steam chest is too short to leave clearance for the 
outside diameter of the disc or cone of single balance 
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at extreme travel of valve, then double balance is used. 
If the yoke lit (or box) of valve is large enough, two 
cones arc cast on the valve, as shown in Fig. 3, but if 
the yoke fit is not large enough to cast cones on, then 
two discs are used. If the distance across the two 
discs, when they are side by side on top of valve, is 
greatiT than width of steam chest, the rims on each 
disc may l>e cut one-eighth inch at center of valve, 




thereby dratt'lnp; the discs one-fourth inch closer 
tc^elhcr; and if more clearance is necessary, the rims 
nia.\ also 1m' cut one-eighth inch at ends of valve, 
giving one-fourth inch more or a total of one-half inch. 
But in no case shall the rims he cut more than onfe- 
eighlh inrli, or to llieir inside diameter. 

If discs thus cut will not clear the sides of cheat, less 
balance must be used. 



LOCOMOTIVE APPLIANCES. 193 

Repair of These Valves— Discs Bearing on Valve.— 

In all cases where possible the height adjustment 
should be made by lowering the chest cover, or bearing 
plate, but when chest cover cannot be lowered the 
discs may be raised. When it is found necessary to 
raise the disc on the valve longer bolts should be used 
and the hners placed between the disc and the valve 
must be true, and large enough to give a solid bearing 
for disc on the valve. If found necessary to raise the 
disc to clear the top of valve yoke, the same rules must 
be observed. The bolts which fasten the disc to the 
valve should be steam-tight on threads and steam- 
tight under the heads, a copper washer being used 
under the heads, forming a bolt lock. The interior of 
each disc or cone is relieved to the exhaust cavity of 
the yalve, as shown by the several holes in Fig. 3. 

In "cone" balance, holes are drilled through the top 
of valve, but in "disc" balance the relief holes pass 
through the bolts, one-fourth inch hole being drilled 
through each bolt, as shown in Fig. 1. 

The Single ''Cone'' Balanced Valve must be cast 
flangeless if a valve joke extending all around the 
valve (as in locomotives) is used, but need not be 
flangeless, when made for center rod to drive the valve 
(as in stationary engines). In case of the locomotive 
yoke, it is recommended that the yoke be carried on 
the steam chest at the ends of the valve. Where old 
chests have rubbing strips wide enough they can be 
planed on top and the yoke allowed to ride on them, 
and in new work this can be done cheaper than to put 
on a front carrying horn and is more efficient than to 
support the yoke on the valve stem packing and the 
valve itself. A valve need not be flangeless to thus 

IB 
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support the yoke; it can be carried with any valve, 
and it insures the free upward movement of the valve 
at all times, which is very essential in obtaining the 
best results. 

The outside rim on disc or cone is merely a safe^ 
guard to the ring in case of accident — preventing 
broken portions of the ring from getting under the 
valve — it performs no other duty. The required 
inside diameter of this rim must allow the ring to 
be expanded on the cone until the top face of the 
ring is flush with top of cone and still clear the one- 
eighth inch joint plate on the outside of ring. In 
single balance the rims may be cut one-eighth inch 
front and back, giving one-fourth inch more 
clearance, when the disc runs too close to steam 
chest at full travel of valve. 

Proper Height Adjustment. — ^When the valve is in 
position and the chest cover has been screwed down 
there should be one-eighth inch between the face of 
the bearing plate (sometimes called balance plate) and 
the top of disc or cone. The rings are bored for this 
position and in this position have their proper tension. 
This allows the valve to lift off its seat one-eighth 
inch, which it will do as soon as steam is shut off 
while the engine is in motion or drifting, provided it is 
not held down by the valve yoke. The valve yoke 
must not interfere with this upward movement of the 
valve. 

Proper Tension on Ring.—Rings are all bored 
smaller than the diameter at which they are to work; 
therefore, when a ring is set on its proper cone it will 
stand higher than its working position. The face of 
bearing plate must not be closer than one-dgbth inch 
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to top of cone after chest cover has been screwed down. 
In placing the cover in this position the ring is 
expanded over the cone until its inside diameter at 
bottom is the proper balancing diameter. 

Owing to the natural elasticity of the ring and its 
expansion over the cone, a tension is placed on the 
ring, the action of which is (the same as the steam 
pressure) to close the ring on the cone, which neces- 
sarily causes the ring to move upwards. The ring is, 
therefore, self-supporting and self-adjusting. All 
rings are interchangeable on discs and cones of 
respective sizes, whether standard or special. 

American balances are known under the following 
heads: 

Single Disc Balance — one ring and one disc. 

Double Disc Balance — two rings and two discs. 

Single Ck)ne Balance — one ring, with cone cast on 
the valve. 

Double Cone Balance — two rings, with cones cast 
on the valve. 

Necessary Cylinder Relief.— The valve should 
always be free to lift one-eighth inch off its seat, to 
allow the free passage of air from one end of the cylin- 
der to the other between valve and valve seat when the 
engine is running without steam. The tops of all 
American balance discs, or cones, show a polish, 
giving positive evidence of their contact with the 
bearing plate or cover, and that they, therefore, do 
float. The explanation is: At the first stroke of the 
piston, after the engine has been shut off, air is com- 
pressed in one end of the cylinder while the valve is 
traveling a distance equal to its outside lap; at an 
early stage of this compression the valve is thrown 
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off its seat and the escaping air rushes under the 
valve into the opposite end of the cyHndqr to reheve 
the suction which is taking place in that end; this 
operation is repeated so rapidly that the valve is kept 
floating until a slow speed has been reached. 

The Formula of Balance Used on the American 
balance valve is as follows: 

(1) Area of balance for plain valves. — ^Area of one 
steam port, two bridges, and the exhaust port, plus 
eight per cent, if for single balance and plus fifteen 
per cent, if double balance. 

(2) For Allen valves use the same formula as above; 
then from the area derived subtract the area of one 
side of the Allen port. 



THE PISTON VALVE FOR LOCOMOTIVES. 

The advantages gained by large ports and dimin- 
ished frictional resistance supposed to be co-relative 
with the piston valve have been a subject oi grave 
dissension among practical .ocomotive designers. 

The piston valve is an old device, ye*, of rare use on 
the locomotive until recent years The large and 
successful introduction of the Vauclain* type of corn- 




Baton Valve for Bsldwin Fnur-Cylindet Compound Locomotives. 

pound locomotives, employing a aouble piston valve, 
as shown in Fig. 1, is undoubtedly accountable for 
the much experimenting now going on and tne many 
styles — too numerous to mention — of piston valves in 
use in a limited number of locomotives on almost every 
railroad system of any size in this country 

It was for some time erroneously supposed that a 
piston valve was a perfectly balanced valve; this, 
however, has been proven not to be so, as the unbal- 
enced portion is largely dependent upon the width of 

•For complete deseription of tliiri piston valve, the reader is 
referred to Compound Locoii>otire<t id Vol. XII, "The Science of 
Railways ." 

WO 
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the packing rings. Therefore it is not sarprising 
to find that the principal difference between the 
various forms of locomotive piston valves lies in 
the varied designs of packing rings. 




The American piston valve witli' wide packing 
rings wedged in such a manner as to prevent 
their great outward pressure against the walls of 
the valve chamber, is shown in Pig. 2, as it has 
been applied to several locomotives of modem 
and complete design. 

The Piston Valve — To open the admission ports, 
to allow steam to enter the cylinder, close the 
port or cut off the steam at the desired point of 
stroke, allowing the expansive force of the steam 
to push the piston to the end of its stroke, open- 
ing the port to allow the steam to escape through 
the exhaust passage, closing the port in time to 
produce sufficient compression to promote econ- 
omy in the use of steam generated in the boiler, 
is the function of the valve, whether plain, bal- 
anced or of the piston type. To secure the nee- 



WATER GAUGES AND GAUGE COCKS. 

In order to determine the height of the water in the 
boiler, a glass water gauge is attached to the boiler 
(see plate "American Steam Locomotive," part No. 
251) by which the engineer can see at a glance 
the 'vater level. 
The plain wat- 
er gauge is so 
familiar to the 
ordinary prac- 
tical man that 
it will be suffi- 
cient here to 
illustrate and 
describe a few 
of the improved 
forms which 
automatically 
shutoff the flow 
of steam should 
the water glass 
break while in 
service. 

Fig. 1 shows 
a combined 
drip-cock and 
automatic water gauge. The automatic device or 
ball [D) is moved and agitated every time the handle 
is turned and gauge glass blown out through the 

(IW) 
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. ment, which is directly opposite that of the slide 
or pistou valve with outside admission, as shown 
in Figs. 3 and 4. It will be observed that the 
marks on the valve rod are also changed in their 




PistoQ Valve outside 



position. The inside edges of rings 3 and 4 are 
the admission edges of the valve and the outside 
edges of rings 1 and 2 are the exhaust edges of 
the valve. The valve in Fig. 5 could be given 
the same movement as in Figs. 3 and 4 by chang- 




Platon Valve Internal ndmlBalon ghowlDg marks on tsItb lUm to Indicate 

imslttoD !.( valve. Note the diOerenoe Id poaltlMi wllb 

outside and Internal admlsalon. 

ing the position of the eccentrics on the shaft 
and still use the indirect rocker or motion. But 
it is usually more convenient to employ a rocker 
with the valve arm turned down opposite the 
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handle is turned to blow out the gauge, and cannot 
become stuck fast and fail to work at a critical 
moment. The upper half works on the same prin- 
ciple, but of slightly different construction. 

Fig. 2 shows a slightly different form of automatic 
water gauge. Should the glass accidentally be 
broken, the steam and water rushing out will force the 
balls up, and close the passages. 

After a new glass has been put in place, slowly 
screw in the wood wheels; the needle projections on 
the stems will force the 
ball away from the open- 
ings, and leave the pas- 
sages free and unobstruct- 
ed again. 

In the Crosby water 
gauge, shown in Fig. 3, 
both the upper and lower 
passages to the boiler 
are instantly and auto- 
matically closed by the' 
ball valves on the sudden 
breaking of the glass, 
avoiding all danger to life and all inconvenience and 
waste of steam an^i water. 

When the water gauge is open to the boiler the ball 
rests within the cage away from the valve seat, where 
it will remain until it is propelled to it by the sudden 
breaking of the glass. 

When this happens, upon closing the water gauge 
the ball is pushed back into this cage by means of the 
pin in the end of the valve V (see cut). Care should 
be exercised upon again opening the water gauge 




vy 



Fig. 3. 
Crosby Safe Water Gauge. 
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that the valve (V) is turned out as far as it will go, in 
order to withdraw the pin from the seat and not 
obstruct the ball valve from seating itself when called 
into use. 

The purpose of the cage is to hold the ball away 
from the shell of the cock to which corrosion or sedi- 
ment might otherwise cause it to adhere. 

Gauge Cocks, — In addition to the general use of 
glass water gauges, gauge cocks are used supple- 
mentarily for the same purpose. There are generally 

three, sometimes four. The 
top and bottom ' ones are 
placed on the boiler at about 
a level with the top and bot- 
tom of the glass gauge and 
are used to determine the 
water level when the glass 
gauge is out of use from 
breakage or otherwise. If, 
when the upper cock is 
opened it continues to discharge water, there is too 
much water in the boiler; if, on the contrary, when 
the lower cock is opened, only steam issues forth, it is 
an evidence of too Jittle water. Fig. 4 shows' a stand- 
ard i)attern of locomotive gauge cock, so constructed 
that it can be separated for the purpose of re-packing 
or re-grinding the working parts without detaching it 
from the boiler while the necessary repairs are being 
made. It is substantially made and largely used on 
railroads. 




Fig. 4. 
Regrinding Locomotive Gauge Cock 



THE MASON AIR BRAKE PUMP REGULATOR 
OR GOVERNOR. 

This regulator Is designed to automatically control 
the air pressure in the brake system for operating 
the brakes on railroad cars. It is placed in the 
steam supply pipe leading to the air pump, and 
regulates the amount of 
steam passing to pump, 
and allowing the pump to 
run just sufficiently to 
maintain the desired air 
pressure in the train ser- 
vice pipe. 

Description.— The prin- 
ciple on which the Mason 
Air Brake Regulator 
works is that of an 
auxiliary valve (8), con- 
trolled by the air pressure 
from the train service 
pipe, through the medium 
of a metal diaphragm 
(24), and admits steam 
from the initial side of 
regulators through a [wrt 
to operate a piston (19), 
which in turn opens the main valve (21), and admits 
steam to the pump. By referring to the sectional 
vifflv,itwiUbeseeD that the steam enters the r^ulator 




>a All Brake Pump Regulslor. 
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at the sida marked "steam from boiler/' a small portion 
of it passing up through the pasage (XX) to the 
auxiliary valve (8). This valve (o) is forced open by 
the compression of the large spiral spring (5) acting 
on the cricket through the diaphragm. This cricket 
(6) has three studs projecting down from the rim, 
which pass through three locsely fitting holes in the 
bonnet, the lower endr resting on a button (11) which 
sits on the diapliragm, so that in opening the valve 
(8) the diaphragm is also forced down. As soon as 
the valve (8) is opened, steam passes through and into 
port (Z), down under piston (19.) By raising this 
piston (19) the main valve (21) is opened against the 
initial pressure, since the area of valve (21) is only 
one-half of that of piston (19). Steam is thus admit- 
ted to the pump. A connection with the main air 
pipe is made as indicated; and, by a passage, air 
enters the chamber below the diaphragm, which 
carries the cricket (8), as before stated. When the 
pressure in the air pipe (16) and chamber (O) has 
risen to the required point, which is determined by the 
tension of the spring (5), the diaphragm is forced 
upward by the air pressure in the chamber, carrying 
with it the cricket (6), and allowing valve (8) to close, 
shutting off the steam from piston (19). The main 
valve (21) is now forced to its seat by the initial 
pressure, shutting off steam from the pump and 
pushing the piston (19) down to the bottom of its 
stroke. The steam beneath this piston exhausts 
freely around it — the piston being fitted loosely for 
this purpose — and passes off into the pump. The 
leakage past the auxiliary valve (8) passes up under 
the cricket and out into the spring case, where it 
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makes its escape down through the cricket holes to 
ihe up|x^r side of the diaphragm and into the drip. 
It will be seen from this that, when the pressure in 
the brake pipe has reached a predetermined point, the 
pump will be automatic^ally stopped; and, when the 
pressure in the brake pipe is reduced by applying 
the brakes, the pump will quickly produce a sur- 
plus pressure in the main reservoir to insure the 
speedy release of the brakes and recharge the aux- 
iliary reservoirs. The piston (19) is fitted with a 
dashpot, which prevents chattering or pounding 
when the air pressure is suddenly reduced. 

Directions for Attaching and Repairing the Regu- 
lator. — Place the regulator in the steam supply pipe to 
the pump and so that steam will flow through it in the 
direction indicated by the arrow cast on the body. 
With a small pipe make a connection from the train 
pipe to the air pressure connection (15 and 16) on 
regulator. The one-eighth inch tapped hole marked 
"Drip" must be left open, but it may drip from either 
side by reversing the plug. 

Before connecting the regulator to pump, the steam 
pipe should be thoroughly blown out, in order to 
expel all dirt. If the piping is new, steam should be 
allowed to flow through slowly for some little time, 
in order to burn off all glummy oil and grease, which 
would otherwise be carried into the regulator and 
thus clog the working parts. 

When ready to start, open both steam and air valve 
wide, then remove the cap (1) which screws over the 
screw (2), slack off the jam nut (3), and with the key 
gradually screw down the adjusting screw (2) until 
the desired air pressure is obtained. The regulator is 
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then properly set. Screw the jam nut (3) down firm 
and replace the cap (1). 

If the regulator should fail to hold the desired pres- 
sure, it will probably be due to the fact that some dirt 
or chips from the pipe have lodged on the seat of the 
main valve (21), or possibly under the auxiliary valve 
(8). To open the regulator proceed as follows: Shut 
off both steam and air pressure from the regulator. 
Remove the cap (1), and with the key unscrew the 
adjusting screw (2), until all tension is removed from 
spring (5). Then take out the screws (9), and remove 
bonnet (7), diaphragm (14) and button (11). Take 
out the plug (12) and the spring (22). The threaded 
rod which accompanies each regulator can then be 
screwed into valve (21) which should work easily. 
Pull out this valve and examine both valve and seat, 
cleaning them thoroughly. Then insert the rod 
through the valve stem guide, screw it into the piston 
(10), and see if it works up and down easily. It will 
not be found possible to raise it suddenly, as the dash- 
pot piston (20) will restram it. After pulling up, let 
go of the rod suddenly, and, if the piston drops easily, 
it is all right. In case it does not, unscrew the dash- 
pot cap (20), from bottom of the regulator, pull out the 
piston (19), and clean it with kerosene or spirits. If it 
seems somewhat tight, rub it with fine emery cloth, 
being very careful to thoroughly wipe it off before 
replacing. Before screwing on the bonnet, examine 
the auxiliary valve (8). To do this, remove the slot- 
headed plug (25) in bottom of bonnet, also the small 
spring (10). The valve (8) can then be taken out and 
examined. This \alve should work perfectly free. 
In taking out the plug (25), there may be a burr, 
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caused by the screw driver, which should be dressed 
down before replacing, as this plug forms a guide to 
centralize the diaphragm button (1), which should 
fit over it freely. In replacing the bonnet (7) be sure 
that the zero marks on the side and those on the 
body correspond; also see that the diaphragm (24) 
is replaced so that the port holes in it correspond 
with the holes in the body. Carefully clean the 
diaphragm as well as the place where it makes 
its seat. Do not use washers or gaskets of rubber, 
or any other compound, in making connections. 
They will burn, and the pieces will get into the 
regulator. Two copper gaskets for making the 
steam connections are sent with each regulator. 



Note. — The reader will find the several forms of Westing- 
hoase Standard Air Pump Governors fully illustrated and described 
in "The Science of Railways," 



LOCOMOTIVE STEAM WHISTI.ES. 

The locomotive steam whistle, aside from its more 
ordinary uses, i.s distincll^" a safety appliance and a 
da-nsor signal as well. Tiie tone should be such as 
not to be (lisap;reeable to the ear of i>asHengers and 
others, and yet clearly audible to all whom it would 





lialle "Louuaotive Styla/' 



warn or to whom it would convey signals. Fig. 1 
shows the ordinary bell whistle with steam valve and 
lever attached. As an improvement in tone, various 
typos of chime whistles were made at different railroad 
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shops. They were, many times, a bunch of pipes of 
such different lengths as to cause a harmony of sound. 
The manufacturers have improved on this ly[)e, 
making a chime whistle out of a single hell, as shown 
in Figs. 2, 3, 4 and 5. This is done by dividing the 
bell into three or four sections whose depth varies. 
thus producing different but harmonious tones. Fig, 
2 shows what is termed the "locomotive style" Ixjcause 
of its upright valve. The slide valve tyjm is clearly 
shown by Fig. 3, which illustrates this style of Crosby 
whistle, used onalargenuml)er of loiwmotivesandsaid 
to be the original single bell chime whistle marketed. 

This whistle is fully adapted to A 

se\ere railway service. lu the dis- — 

tribution of material and the unit- 
ing of Ihe several |«irts great care 
has been exercised in the designing 
and making of it, so that it shall 
resist successfully the jars and con- 
cussions which may arise in use 
on a locomotive. In all whistles 
whenever the valve is badly worn 
the cup is of little or no value. To 
meet this condition the valve has 
been made so that the seats are the ' 
same as are employed in tlieCrasby 
spring-seat valve, shown elsewhere 
in this volume, and are aeon in the 
above mentioned cut marked {A) 
and(B). """s- 

These seats can be renewed at a 'sUe valv" -ty^. ' 
small exi>eiiMe whenever they are injured or worn, 
thus preserving the entire whistle for a very much 
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longer time than formerly when in constant servioa 
This applies only to the sizes five-inch and six-inch 
diameters of bell, which are the ordinary ones for 
locomotives. 

Fig. 4 represents the Crosby single liell chime 
whistle. It differs from the whistle last illustrated in 
having a comiiound automatic whistle valve incor- 





Crosby Binele Bell Chime Ashcroft'a Foui^Tona Chime 

Wbistle. -"-•.. 



Fict. 

. J Foiu^ToH 

Whiatk. 

poratod as a part of its construction, in the place 
of the ordinary whistle valve. It has been found by . 
experience that whistles, when used under the high 
pressures which are to-day in almost general use, 
are sounded or operated with difficulty and great 
exertion. To meet this difficulty, that is, to sound 
whistles of any size, no matter what the pressure i^ 
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with little effort, this whistle was designed. TTie 
ease of operation can be readily seen by an examina- 
tion of the cut. The only valve which must be 
operated by force is the small one which is held closed 
by a spircJ spring pressed to the foot of the lever. A 
slight p\ 11 on this .ever pushes inward the valve and 
permits the steam to flow into a chamber and to open 
automatically the large valve and sound the whistle. 
By this device the lj.rgest whistles under the highest 
pressure of steam are operated with ease and 
rapidity. 

The Ashcroft four-tone chime whistle is shown in 
Fig. 5. These whistles are pitched to first, third and 
fifth of the common musical scale, which harmonizes 
the sound and gives an agreeable musical chord. 

The chime whistle has proved much more pene- 
trating than the single bell whistle, as shown in Fig. 
1, and can be heard at a greater distance, without the 
harsh, disagreeable noise. 

Many railroads have adopted a chime whistle for 
passenger runs, in order to distinguish passenger 
from freight trains, but new locomotives are being 
added so rapidly, and are of such size as to haul very 
long trains, and thus require a whistle of maximum 
penetrating qualities to be heard at the rear end of 
the train. 



STAY BOLTS. 

The corrugated fire box for locomotive use being 
only in the oxi)erimental stage, it may be said that 
practically every locomotive has several hundred 
stay-bolts which form the connecting and strength- 
ening linlv between the fire-box and the outer shell of 
the boiler. (For the description and construction of 
the locomotive boiler, the reader is referred to Vol. I, 
^The Science of Railways," where he will find many 
engravings relating tliereto; also to Plate I, 'The 
American Steam Locomotive.") 

The great expense to railroad companies caused by 
the frequent breaking of stay-bolts, requiring renew- 
als of same and the consequent laying up of the 
engine out of servic-e, have led motive power men to 
consider the means of remedying this evil. A number 
of different devices have been used in the effort to 
accomplish this end. Some of them have proven 
fairly satisfactory; others have failed and been 
abandoned. In soft water districts where the break- 
age of stay-bolts is not so frequent and is, therefore, 
not such a serious matter, some of these devices have 
apparently given good results; at least the mechan- 
ical ronst ruction of the device has received credit 
where it is more than likely the credit was due to soft 
water and careful handling of engine by the engine 
crew. But on roads not so favorably situated, where 
the water is heavil\^ impregnated with lime, sulphur 
and other ingredients which deposit a hard scale on 

(212) 
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the fire-box sheet, stay-bolts and flues, the conditions 
are very much more severe; the frequent leaking of the 
flues making it very diflicult for the engine crews to 
handle their fire and water supply with the regularity 
desired and the incessant rising and falling of the 
temj)erature in the fire box causes a corresponding 
expansion and contraction of the fire-box sheets. 

The sheets being covered with scale of greater or 
less thickness becx)me overheated, and this causes 
excessive expansion of the sheets. This constant 
movement of the fire box while the shell of the boiler 
is comparatively rigid, the two being firmly riveted 
together at the foundation ring, all movements of the 
fire box must be accommodated by the stay-bolts and 
the importance of flexibility in the stay-bolts has been 
recognized as an absolute necessity. A great many 
roads have tried the expedient of reducing the 
diameter of the stay bolts in the water space; others 
have milled out the stay-bolt longitudinally in the 
water space, and while these and similar attempts 
have accomplished sdme good, the urgent necessity 
for something more flexible and durable has been 
felt to be a necessity by the motive-power depiart- 
ment of our railroads, especially in those sections 
using bad water. It has been observed that about 
ninety nine per cent, of all stay-bolts which break 
give way just inside of the outer sheets; this being 
fully recognized by locomotive builders and locomo- 
tive superintendents, it has become an almost uni- 
versal practice to drill a small hole in the outer end 
of each stay-bolt for the purpose of detecting broken 
stay-bolts. While this has worked satisfactorily in 
soft water districts, it has been the experience of 
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motive-power men in bad water districts, that, after 
the stay-bolts have become partially broken, the 
fracture extending from the outer surface to this 
small hole drilled in the stay-bolt, the lime and other 
scaling matter contained in the water, works its way 
into the hole, so completely stopping it up as to pre- 
vent any escape of steam or water. In such cases the 
method of detecting broken stay-bolts is by the 
insertion of a steel wire or other suitable pointed 
instrument into the detecter holes. 

Many theories have been advanced as an explana- 
tion for the breaking of stay-bolts, and as to the 
cause of their breaking invariably next to the out- 
side sheet. It is conceded that the expansion and 
contraction of the fire-box sheets is principally 
responsible for the fracture of the stay-bolts~<iue to 
the repeated change in position of the fire-box. 

This same action goes on in the fire-box of every 
locomotive, whether the water used is what is known 
as soft water or hard water, and it has been somewhat 
of a puzzle to account for the much larger number of 
broken stay-bolts in those engines using hard water. 

The following explanation has been suggested as 
the true cause of this trouble, where hard water is 
used: In the first place, scale forms more rapidly on 
the fire-box sheets; the sheets become much hotter, 
and the expansion is much greater than where no 
scale is formed. 

These strains brought upon the stay-bolts due to 
the expansion and the contraction of the sheets, open 
the fibre of the metal in the stay-bolts near the outer 
shell of the boiler, and a thin film of scale is immedi- 
ately deposited, and when the stay-bolts are forr/xl in 



LOCOMOTIVE APPLIANCES. 



215 








^ISThnadttol' 



ISThiMdttol' 
Tapnl'lBlS^ 



■i 



the opposite direction, this film of scale, occupying 
the space, offers resistance to the fibre of the metal 
resuming its normal position. In the meanwhile 
scale is deposited in the open fibre of the metal on 
opposite side of stay-bolt, and as this process con- 
tinues, the film of scale being deposited in this ever 
increasing opening has the effect of wedging the 
metal apart al- 
ternately on one 
side and then 
on the other, 
finally causing 
the stay-bolt to 
part at that 
point. The 
stay-bolt does 
not break next 
to the fire-box 
sheet. Due to 
the fact that 
this end of the 
bolt is kept at 
such a temper- 
ature that the 
metal ib more 
elastic and yields to the change of position without 
opening the fibre and exposing it to the entrance 
of this deposit of scale. 

To overcome this difficulty many other mechanical 
devices have been designed, one of which, known as 
the Johnstone flexible stay-bolt, derives its name from 
the designer, a mechanical superintendent of a large 
American railway. 



Fio. 1. 
Johnstone Flexible Stay Bolt. 
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It will be seen by reference to the accompanying 
engraving (Fig. 1) that this device is composed of two 
parts; the plug is made of mild steel, while the stay- 
bolt proper is made of any of the standard brands of 
iron generally used for the purpose, or of steel, which 
is much cheaper and has a greater tensile strength. 
The plug is first made as a drop forging; the ball on 
end of stay-bolt is formed in an upsetting machine; 
the ball is then inserted into the cup or plug, and the 
metal of the plug folded down around the ball. 

The method of applying this stay-bolt is as follows: 
The plug is screwed into the outer sheet while the 
stay-bolt proper is screwed through the inner or fire- 
box sheet, the square end of the stay-bolt enabling the 
man on the inside of fire-box to screw in the stay-bolt, 
while the man on the outside screws in the plug. 
After the stay-bolt is screwed into place, it is-cut off on 
the inside and hammered over in the usual way (as 
shown in the lower bolt of the engraving), while a 
holding-on bar is held against the back of the 
plug. 

The upper figure in the cut shows the bolt as 
screwed in and before being cut off; the lower figure 
shows the bolt cut off and hammered over ready for 
service. 

It is claimed that this is a perfectly flexible stay-bolt 
and no amount of movement of the fire-box can have 
any effect to break it. 

In renewing stay-bolts in old fire-boxes, where it 
l)ecomes necessary to put in a larger stay-bolt — this is 
done by enlarging the end of the stay-bolt where it is 
screjved into the fire-box sheet. The ball on the end 
of the stay-bolt and the neck of the stay-bolt adjacent 
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to the ball retain their standard dimensions, and are 
the same for all sizes of bolts. 

The practice adopted by one large railroad in 
renewing old stay-bolts of the ordinary form and 
replacing them with these flexible bolts, is as follows. 
The outer end of the stay-bolt is drilled through the 
outer sheet with a one and five-eighths inch twist drill. 
A piece of g£us pipe is then inserted through the water 
space, so that the old stay-bolt to be removed is inside 
of the pipe; the stay-bolt is then cut out or drilled out 
of the inside sheet, and is knocked out through the 
pipe. This prevents it from falling into the water leg 
of the boiler. The outer sheet is then tapped out, 
pieces of gas pipe or suitable mandrel passing through 
the tap or through the inner sheet of the fire box, 
guiding the tap. The fire box sheet is tapped out in 
the usual way. All of this work is done by the use of 
pneumatic tools, and is thus rapidly performed. 
These stay-bolts have been tested to ascertain what 
pull would be necessary to open up the plug, or pull 
the ball out of the plug. Tests have been made where 
the plug was screwed through the outer sheet, so that 
. the center of the ball was inside the inner surface of 
the sheet, thus removing any re-inforcing effect which 
the sheet might have on the plug; and under these 
conditions it was found that it required from twenty 
thousand to twenty-five thousand pounds to pull the 
ball out of the plug, and where the plug is screwed into 
the sheet, as shown in the engraving, the sheet re-in- 
forcing the plug, the bolts broke in the thread under a 
pull of from twenty-eight thousand to thirty thousand 
pounds, without so much as loosening the ball in the 
plug. As these bolts in service have only to resist a 
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strain of about three thousand pounds, it will be seen 
that they have a factor of safety under the worst con- 
ditions of six, and under normal conditions of nearly 
ten. 

As the usual brands of standard stay-bolt iron are 
simply valuable on account of their ductiUty or 
drawing-out property, this quality being unnecessary 
in the Johnstone flexible stav-bolt, the manufacturers 
thereof strongly recommend the use of steel in the bolt 
proper, not only on account of its less cost but also 
because of its greater tensile or pulling strength and 
greater durabiUty. 

It is not urged that these bolts be used throughout 
the entire boiler. Different people have different 
ideas and varied experience as to where staybolts 
break most frequently, hence the flexible bolt should 
be applied as the experience and the judgment of the 
user dictate. 

. Inspection of Stay-Bolts. — As a result of long 
iexperience, it has become the general practice of most 
railroadt companies in this country to have a careful 
test and stay-bolt inspection made each month, of 
every locomotive in service. To this practice is 
undoubtedly due the great decrease in locomotive 
boiler explosions, for the stay-bolt has been the 
hidden source of these disastrous occurrences, more 
than any other. In conclusion, it should be said 
that even with drilled or hollow stay-bolts, no inspec- 
tion should be allowed to pass without its being 
absolutely known by the insertion of a wire or other 
pointed instrument into the hole for a distance greater 
than the thickness of the shell, that the hole itself is 
not stopped up. 



LOCOMOTIVE ECCENTRICS. 

The reason the eccentrics of a locomotive should be 
considered of great interest to the practical railroad 
man is perhaps not difficult to explain, if we take into 
consideration the frequent delays due therefrom, and 
the fact that there are, in number, four of them on 
every locomotive, that they are of great size and 
weight, and that their speed is the highest at times 
when inspection is impossible until some stopping 
point is reached. While they should be provided with 
a set-feed oil cup (besides the usual oil hole filled with 
hair or wool), still on the locomotive they are not 
readily accessible and can only be well inspected by 
getting under the engine in the roundhouse. 

The accompanying engraving of Linstrom's 
improved eccentric for locomotives will be of interest 
from the fact that it would seem to solve some of the 
difficulties attendant upon the usual construction of 
locomotive eccentrics.* The eccentric set screw is 
done away with, the U-shaped bolt D not only hold- 
ing the two segments A and B together, but also 
clamping them to the shaft. While there is no 
objection to the use of keys with this eccentric, it is 
said to be unnecessary, as its construction prevents 
its slipping on the shaft. It is claimed to allay the 
running hot of the eccentric, which often occurs on 
the ordinary form, on account of tightening the set 

* For illustrations and description of the ordinary locomotive 
eccentric, the reader is referred to "The Science of Railways," 
General Index. 

(tl9 
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screws and thereby forcing l!ie eccentrics away from 
the shaft and causing them to bind in the straps, 
producing excessive friction. 




The two l)Olts C C serve as dowel pins to hold the 
two halves of the eccentric rigidly together, even if 
nuts on U-bolt D should become loosened. 



ROD PACKING FOR LOCOMOTIVES. 

In early locomotive practice all the glands and 
stuffing boxes were packed with hemp, cotton or 
other fibrous packing, occasionally some ingenious 
engineer buying a httle tea-lead when he became too 
tired of renewing the packing almost daily. And it is 
perhaps this latter practice that furnished the idea of 
metallic packing now so generally used on valve 
stems and piston rods. 

There still remains, however, a considerable num- 
ber of locomotives, especially on logging or other 






CLA68 A. CLASS C 

Round or Square* Round or Square* 






CLASS K. CLASS L. 

Rubber Wound Cloth Packing:. 

small railways not conveniently situated with refer- 
ence to machine shops, where some kind of packing 
other than metaUic is used on these parts; but instead 
of hemp or cotton, some of the forms shown in the 
accompanying illustration, as A, C, K, and L, being 
those most used. The packing here shown is made 
from layers of asbestos cloth or canvas coated with 
rubber. This makes a very strong and elastic pack- 
ing, suitable for joints of all kinds. A mixture of 

(221) 
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plumbago or graphite is often intermixed with the 
layers of cloth and rubber, and tends to reduce the 
friction to a considerable extent and insure greater 
Uf e to the packing. 

The first metallic packing for locomotives simply 
furnished metal rings in place of the fibrous ones 
formerly used. It failed to provide all the essentials 
that have since been found necessary to success. 

Fibrous packing had at best more or less elasticity. 
It was possible to compress it between its gland and 
the bottom of the stuffing box enough to make it con- 
tract on the rod and make a joint. If the rod moved 
out of the center of the stuffing box when at work, it 
pushed the packing aside, and when it moved back its 
packing followed it or else there was a leak. Some 
means had to be provided to make the soft metal 
rings fit the rod and be free to move with it. They 
must fit tighter on the rod when the steam is on than 
when it is off. 

The first improvement was in adopting a cone cup 
on the gland end of the packing and fitting the soft 
metal rings into it. These rings were kept into the 
cone by a spring. This kept the rings in contact with 
the rod, and the steam itself increased the pressure 
when the piston was doing work. 

UNITED STATES METALLIC PACKING. 

By reference to Figs. 1 and 2 it will be seen that this 
packing consists of three babbitt rings, numbered 2. 

The parts referred to by number in these cuts are: 
2~three babbitt rings, known as one ring; 3~fiange 
follower; 4~ball joint; 5— swab holder; 6— vibrating 
cup; 7— gland; 8— preventer. 
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It will be seen that all tne parts other than the bab- 
bitt rings are simply for the purpose of properly 
securing these in a steam-tight position against the 
piston rod, with the exception of the ball joint 4, which 
is to prevent the escape of steam from around the 




Hnited States Piston RoJ Packina. 

packing. The babbitt rings 2 arc made each in two 
halves in order to avoid the nec&ssity of disconnecting 
the crosshead from the rod, and they are placed in a 
vibrating cup, 6, whose interior form is that of a double 
angle cone. The face of this cup 6 bears against the 
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flat face of the ball joint ring 4, which makes a joint 
with the outer casing or gland 7; the coil spring with 
its follower 3 and i)rcventcr 8 holds the whole in place 
when there is no steam pressure to do so, and thus 
prevents the rod from drAwing thera back. The soft 




Fia, 2. 
Uoited States PiBton Rod Padting for Kstooa with Enloripjil Endl. 

babbitt rings 2 are the only parts that should touch the 
rod, so that if the rod is once trued up perfectly round 
and parallel it should wear very slightly and evenly. 

As most modern designers make piston rods with 
enlarged ends, Fig. 2 will show the provisions made 
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therefor, namely: the flange follower 3 and the vibrat- 
ing cup 6 are composed of two rings, the inside one 
of which in each case is made in two halves. 

This packing should alwajs be lubricated by an oil 
cup supplying oil to a 
swab cup. 

Fig. 3 shows the Gibbs 
vibrating cup, designed 
for engines having an en- 
larged end on rod. It is 
recommended as an im- 
provement over the regu- 
lar vibrating cup for this ^^ 
purpose. This cup has 
an inner ring, in halves. 

In designing new work, . cibbs-vibratin^ru^or pistons with 
using this cup, it is Kninrg^i Kndx. 

desirable to increase the diameter of stufling box one- 
half of an inch. 



UNITED STATES VALVE-STEM PACKING. 

It will be seen by reference to Fig. 4 that tliis pack- 
ing is very similar to the piston packing of the same 
manufacture. A bushing or support, '!), is placed 
in the stuffing box to carry the weight of the valve 
stem. This sup|)Orl wears the valve stem less than 
the neck of the cylinder head formerly did, yet it is 
certain to wear some flat place on the under side of the 
valve stem the length of the valve travel when the 
reverse lever is hooked up in the position most used. 
Then when the valve is full stroked this flat placx; 
would travel farther into the packing rings, and cause 
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a bad leak. This has been overcome in the design of 
this packing, by the use of the long, extended gland 
7 and preventer 8, which render the distance between 
the support 9 and the babbitt rings 2 slightly greater 
than the full valve travel 
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Parts rcferrod lo by numbers, in Fig. 4, are as 
follows: 2— three babbitt rings in halves, known as 
one ring; 3— follower; -l -ball joint; 5— swab cup, 
6— vibrating cup; 7— gland; 8 — preventer; 9 — sup- 
port. 
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ORROME METALLIC PACKING. 

Fig. 1 represents the Jerome piston rod packing, 
embracing all the new improvements used therewith. 
The parts designated by letter are: A— piston rod; 
B— the cone; C — the gland; D-the stuffing box; . 
E- -the packing rings; F — the follower; G — the coil 
spring; H--the bushing ring; J — stud bolts; K — 
sliding ground joint; L — cap screws, to hold the swab 




holder; N- -swab holder; M- -the swab. The swab 
holder N is one of the best devices for oiling the piston 
rod and valve stem of an engine yet invented, and is 
now applied to all of the Jerome packing. 

Fig. 2 shows in detail the Jerome standard piston 
packing for rods with enlarged ends. B represents 
the gland; C, the rear portion of the cone which is 
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ground to a joint in the gland B; D, the outer portion 
of the cone or packing case, which is made in halves, 




of gun mctiil, and fitted with dowel pins to hold it 
rigidly in place when applied. The two halves of D 
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are held together by C screwing over them. E shows 
the space where the packing rings shown in Fig. 1 are 
to go; F is a coil spring; G is a follower, which is also 
made in halves and held in place by the ring H, 
which screws over it from the inside; 7 is a ring placed 
in the bottom of the stuffing box, where it cannot rub 
on the rod, and is used to make a seat for the spring F; 
X is a pipe, or tube, leading to the swab, and A is the 
oil cup, fed from the pipe X, which screws into it. 

When desired, cone C is made in two 
parts, the outer ring being in the form of 
a ball joint, but in most cases this is said 
to be unnecessary. 

After the piston rods have become 
worn and are turned down, it is only 
necessary to make a smaller cone, D, 
and reduce the size of the packing rings fiq. s. 
by cutting out a portion of each ring, so ^^*JeJlL^piE 
that it will close upon the smaller rod. ton Rod Packing. 

The babbitt packing rings used in this packing are 
each partly severed, as shown in Fig. 3, which repre- 
sents a set of rings with one ring above opened in open 
position, ready to close around the rod without the 
necessity of disconnecting the rod from the crosshead. 
As the packing wears it ordinarily only requires the 
addition of another of the larger rings. 

JEROME VALVE-STEM PACKING. 

Fig. 4 shows in a similar manner the appHcation of 
Jerome metallic packing to a valve stem. It will be 
seen that the cone D, or vibrating cup, has a straight 
sliding joint at C to comj)ensate for any lateral play 
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in the valve stem. This is found to be satisfactory, 
except where there is a fr,iv.a.i deal of rolling motion, 
due to the valve stem lieing very short, in which case a 




ball joint is maile a( C by tlie addition of another ring, 

as bnforc doscrilicd for piston ]).i,cking whercdesirable. 

When the valve stem wears or is turned down, it is 




only required lo niak'e a smaller cone D, and add new 
paekinff rings. 
Fig. 5 shows the babbitt rings for one valve atjsm. 
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turned up to proper size, ready for application. In 
case it is not convenient to disconnect the valve stem, 
the rings may be sawed in half, and applied in this 
manner. In applying new rings to either the piston 
rods or valve stems, be sure that all joints are properly 
broken. 



AIR PUMP METALLIC PACKING. 

As the air brake is now almost wholly relied upon to 
handle trains- -both passenger and freight -a failure 
to obtain sufficient air pressure usually results in 
serious delays to trains, as well as rendering their 
operation less safe. 

Air pumps are one of the hardest things to pack 
well with fibrous packing, and yet one of the easiest to 
pack with metallic packing. Several large railroads 
use shot and graphite, which in time hardens into a 
state similar to babbitt packing; many other railroads 
use a metallic packing of their own design; hence it 
will suffice to here show the two forms of metallic air 
pump packing most frequently used when purchased 
from manufacturers. 



UNITED STATES AIR PUMP PACKING. 

This form of packing is shown in Figo 1 as applied 
to the regular stuffing box standard to air pumps. It 
should be noted that the cone is made enough 
smaller than the stuffing box to allow some vibration. 
The cone also has a shoulder fitting over the stuffing 
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box, thcreoy preventing the gland Iwing screwed in 
far enough to close up the roil spring. _ 
Tlio form of the kihbilt rings is seen to Irj quite 




similar to tlio.st> furnished for piston rods and valve 
stems by tlie satne inanufaeturcrs. 

JFRtmE AIR PUMP PACKING. 

This form of nietallir air pump packing is shown in 
Fig. 2, which clearly illuslrates its use. - 
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No air pump should be used on a locomotive without 
some form of metallic packing, as it is much less 




dkely to burn out than fibrous parking, and will thus 
prevent many a delaj or engine failure 



SWAB HOLDERS. 

It should be remembered that metallic packing is a 
babbitted bearing and needs oil and attention 'ust as 
much as it would if the shaft turned around 




Swab Holder and Swab for LubricatinE Valve Slema and Piston Rod& 



The engraving shows a not uncommon form of 
swab holder and swab used on piston rods and valve 
stems. The air pump packing needs a swab no less, 
and is very easy of application by any engineer. Any 
engineer can bend a piece of copper or sheet iron, wind 
with candle wicking, and in short order have a very 
ef[ecti\'e air pump swab. 



LOCOMOTIVE LUBRICATION. 

Next in importance to the proper design of the vari- 
ous parts of a locomotive may be considered the care 
and lubrication of the many bearings, pins, etc., 
where movement between the parts takes place. 

It is needless here to enumerate these parts; suffice 
it to say that all locomotives use cyUnder oil and 
some grade of machine oil (usually termed "engine" 
oil). A cheaper grade of machine oil, termed "car" 
oil, and some form of solid or pasty grease are also 
employed as lubricants on many classes of locomo- 
tives. 

To properly distribute these different grades of 
lubricants, we will consider first the locomotive lubri- 
cator, not only on account of its great relative impor- 
tance, but because of its embodiment of the greatest 
ingenuity, subsequently illustrating and describing 
many of the various styles of oil and grease cups used 
upon the bearings and pins not surrounded by and 
subjected to the heat and pressure of steam.* 

THE LOCOMOTIVE LUBRICATOR 

Although many engines (notably marine engines 
using distilled feed water) have been run successfully 
without cvlinder lubrication other than that of the 



* In "The Duties and Responsibilities of Locomotive Engineers 
Vol. XII of The Science of Railways, '' the reader will find many 
valuable points of intormation relative to the proper lubricat on of 
locomotives. 
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steam that is condensed about the walls of the cham 
ber, as higher boiler pressure became used in loco- 
motive practice, it was found advisable to employ oil 
in the lubrication of the cylinders. 

The boiler of a locomotive is probably forced more 
at times and more steam is taken from it in a gi\eii 
time than from that of any other boiler of the same 
size. This causes priming, and more or less of the 
water is carried with the steam into the cylinders. 
Heiu^e, if the water has much of any incrustating 
matter in solution, much of it reaches the valves and 
valve seats, the pistons and cyUnders, and results in 
cutting these surfaces to a considerable extent, even 
with the most approved methods of lubrication. 

The original method employed for oiUng the valves 
and cylinders was by means of an oil cup located on 
top of the steam ch(>st, through which cup oil could 
be sui)plied to the valves and cylinders below when- 
ever st(*am was shut off. 

This necessitated the engineer or fireman going to 
the front end of the engine and pouring oil in these 
two cujis— one on either side. This was neither con- 
venient nor always safe. About the year 1864 the 
newt improvement made was in the placing of these 
oil cups in the cab and connecting them by sloping 
|)ipes to either steam chest. Thus the oil comd be suj)- 
plied by the engine-men without their leaving the aib. 

After many designs of hand oilers had been used, 
the necessity for an even flow of oil to valves and 
cylinders of locomotives was met in the year 1872 by 
the introduction of the steam-chest oiler that could Ire 
filled, and an adjustment made whereby a constaot 
and controllable flow of oil was had. 
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• 

In 1883 the first down drop-feed lubricator made its 
appearance, one being provided for each cylinder. 
These lubricators were located in the cab with pipes 
leading to each steam chest. 

In 1885 this was changed to the up drop-feed, one 
lubricator for each cylinder being used, however, 
until 1886, when the double ^sight-feed lubricator was 
put :n use. From the time of the introduction of the 
air brake and consequent use of the air pump up to 
1888 a separate lubricator was used for air pump 
hibrication. In that year, however, another feed 
attachment was added to the cvlinder lubricator for 
this latter purpose, making it a triple^ sight- feed lubri- 
cator, as at present used, several varieties of which it 
is the purpose of this chapter to illustrate and 
describe. 

With the high pressure of steam, now quite general 
in modern locomotives, there has been in some in- 
stances a disturbing element developed in valve oil- 
ing, which, with reason, excites the attention of 
enginemen and others interested therein. It has been 
demonstrated that, with a high steam pressure and 
a cut-off of one-quarter or less, there is a holding of 
oil within the oil pipes in case the locomotive is worked 
With wide open throttle. How much of this with- 
holding of oil is due to an improper supply of steam 
to the lubricator, and how much to improper arrange- 
ment of oil pipes, over which the lubricator manu- 
facturers have no direct control, is a matter of con- 
siderable speculation. 

Any change decreasing the size of pipes or of their 
location, preventing a free flow of oil along the pipes 
in a constant and downward course by an upward 
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turn of current or by bad bends in the pipe, will surely 
pocket the oil and hold it back until the strength of 
the draft at the steam chest outlet increases suJBi- 
ciently to overcome it. Decreasing the pipe opening 
at any one point between or at the steam inlet valve 
on the boiler and the oil outlet at the steam chest 
will doubtless pocket the oil. 

With the original sight-feed lubricators and a 
boiler pressure of 130 pounds or less there was no 
trouble experienced in connecting up with piping 
5-16 inch inside diameter. A change to higher 
pressures, with complaints of trouble in their proper 
lubrication, has induced the majority of makers to 
advise the use of pipe having an inside diameter of 
not less than % inch, and to issue expUcit instruc- 
tions as to the manner of applying the steam and 
oil pipes. It is a well known fact that, next to initial 
condensation of steam, friction causes the greatest 
loss of power that occurs in the steam engine. The 
idea of employing sight-feed lubricators is not faulty, 
as these instruments are the fruits of a vast amount of 
study and experiment, and they are very successful 
in performing their duty of delivering regularly a 
small amount of lubricant, which may be nicely con- 
trolled. The trouble is probably outside of the lubri- 
cator, and lies in the method of sending the oil to the 
steam chest; it lies in the pipe system employed, 
through which the oil is expected to pass in a down- 
ward sloping course from the lubricator to a point six 
or seven feet below it to the steam chest. The oil feeds 
well enough when the throttle is closed and it 
is aided by a vacuum in the steam chest, and the 
difficulty begins when the throttle is opened and 
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steam, but little lower than boiler pressure, is ad- 
mitted at the steam chest end of the pipe. 

The results are more noticeable and more trouble- 
some with high pressures, which are used to assist 
in meeting the vastly increased duty expected of 
modern locomotives, but it is not believed to be true 
that the high boiler pressures cause the lack of regular 
feeding of oil to the steam chest. Accompanying 
the use of increased pressures, longer locomotive runs 
are now the rule, which makes it more important to 
lubricate properly. The complaint was also made by 
engineers that the valves used the oil, and the cylin- 
ders did not get enough. The reason that the oil does 
not go through the pipes regularly is interesting. It 
is reasonable to suppose that, at the opening of the 
throttle, steam under or very near boiler pressure is 
forced up into the long oil pipes, where it condenses, 
nearly filling the pipes with water, and the lighter oil 
cannot get through the water under these conditions. 
Some of it may get through on account of the churn- 
ing it receives. 

Engines working slow and hard with long cut off 
will get their oil all right as the steam chest pressure 
will fluctuate with the opening of the ports by the 
valve, in which case the boiler pressure will force the 
oil down. It must be understood that boiler pressure 
mi'st be maintained on the lubricator for good results, 
and hence the aforesaid recommendations regarding 
the piping of lubricators are strongly urged. 

Location of sight-feed lubricators, — The best location 
for the lubricator to secure good results will largely 
depend on style of boiler, and on location of other 
cab fittings. On engines with large foot plate, prob- 
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ably the best location is over tlio middle «nd of boiler. 
Ill this jjosition the feeds are in ])lain view of both 
engine men, and irregular working and stoppage 
will be noticed at once. Ui)on engines, where the 
boiler extends well into or through the cab and the 
engineer's seat is at the side of the boiler, the cup 
should be ])laced with the cylindcT feed glasses in 
line (lengthwise) with the boiler, with air pump feed 
and oil glass facing the engineiT. This arrange- 
ment brings the fe(>d glasscvs under the supervision 
of the engim^er at all timers in daylight, and by 
placing th(* gauge light on the same standard that 
holds the lubricator^ it will bring the feeds out 
distinctly at night. The bracket supi)Orting the 
lubricator should be sulliciently heavy to prevent 
vibration of the cup, this action tending to loosening of 
pipes and joints. 

Stecun ^supply and piping,- It has been the general 
practices to attach the steam connec'tion for the 
lubricator to the turret, wIktc a turret is used. In 
a number of instances, where the lubricator was 
not working satisfactorily, it w^as found that the 
dry pip(\ supplying the combination stand, was not 
sulliciently large to su|)ply all drains made ujyon it, 
and to maintain full boiler pressure in the lubricator. 
In cas(^s of this kind it will be found beneficial to 
change tlu* steam connection to the highest point of 
the boiler in the cab and, if necessary, to use a 
s(*|)arate pipe for dry steam. Full )^-inch openings 
in pipes and fittings should be had to secure best 
n^sults. It is also very important to see that the oil 
(k^livery J)ip(^shoul(l have a good steady fall from the 
lubricator to the steam chest. Oil will float upward 
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through water, but not downward. Do not connect 
to turrets, as the pressure is not uniform when so 
connected. 

Cleaning.- -In cleaning out the lubricator, it will be 
necessary to occasionally immerse it in a lye bath. 

This is especially true when care is not taken to 
strain oil. Some grades of oil leave a residue behind 
that, under the high temperature, seems to bake into 
scale. A practice of blowing out by steam tends to 
prevent this accumulation, but will not always remove 
it after it has once been formed. This will also be 
apparent on the glasses, and can be avoided and 
removed by a small amount of glycerine swabbed 
through the glasses. 

Filling. — The greatest care should be exercised in 
the filling of the oil tank to prevent foreign matter of 
any kind passing into the reservoir with the oil, as 
the passages for same in ali lubricators in use are very 
small (about 1-32 inch o])ening), and a small particle 
in the right place stops the feed and prevents the cup 
from working, on whichever side it may occur, until 
removed. To obviate this difficulty, it is recom- 
mended that all filling cans be provided with a 
strainer, believing that in this case an ounce of pre- 
vention is worth a pound of cure. With some makes 
of lubricator, it will be found best not to fill the oil tank 
entirely full, as there is a likelihood of a small quan- 
tity being forced over into the boiler, this action being 
brought about by the expansion of the oil in the 
reservoir. 

When the principle of the lubricator is thoroughly 

understood by engine men, defects and peculiar 

actions will be easily detected and remedied. Partic- 
le 
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ular attention should be paid to the matter of opening 
steam and water valves immediately after filling the 
oil tank, the opening of the water valve to avoid bulg- 
ing of the oil reservoir and bursting of glasses, due to 
expansion of oil when heated. The steam valve 
should always be opened full to maintain as nearly 
as possible the boiler pressure in the lubricator all 
the time, whether steam is shut off from the cylinder 
or not. The steam valve should always be opened 
first, and closed last. By so doing, it will be found 
that nearly all of the trouble will disappear, as there 
will be no muddying up of water in sight-feed 
glasses, no siphoning of oil, and no irregular feed, 
for the equalization of pressures will protect the 
lubricator against those things- -provided, of course, 
the lubricator is in working order. 

If the sight-feeds get stopped up, shut the water 
valve at back of cup l)etween condenser and oil tank, 
open the drain cock at bottom of cup, and the steam 
pressure will blow everything in the sight-feed glass 
up into the oil tank, carrying the obstruction out 
with it. In the same way the steam feed or chokes 
can be cleaned. In this case, shut the steam feed 
from the boiler and open the throttle, so the steam 
chest pressure will come into the cup. This will 
blow the obstruction in the choke down into the 
sight-feed glass, and leave this passage clear. In 
case of a broken feed glass close the valves above 
and below the break; use hand oiler until such 
time as new glass can be put in. Proceed as fol- 
lows: Close water valve; then steam valve. Take off 
packing nuts on broken glass, unscrew box of the 
valve on top of the feed arm, where glass is broken; 
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drop glass in from top through packing nuts, using 
new gaskets. Do not tighten packing nuts too tight, 
replace valve box on top of upper feed arm and open 
steam valve, and when glass fills with condensation 
open water valve. 

Equalizing feature.— The successful working of the 
modern lubricator as applied to locomotives of to-day 
is almost entirely dependent on the equalizing feature. 
It will be found that in the majority of cases of irregu- 
lar action this feature has been destroyed, either by 
insufficient opening from boiler to lubricator, equaliz- 
ing pipes partially or wholly stopped up, or choke 
plugs worn larger, or becoming loose. The opening 
in choke plugs should bear a certain relation to the 
amount of steam delivered through. the equalizing 
pipe, in order to hold up boiler pressure in upper feed 
arm. As one writer has said: "On account of small 
opening in choke plug the steam is huddled up, and 
not allowed to pass out freely into the oil pipe, whereby 
a pressure equal to the full boiler pressure is main- 
tained on top of sight-feed glasses, irrespective of 
whatever pressure may or may not prevail on the 
opposite or cylinder side of the choke plug." It will be 
apparent, from what has been said, that the feed will 
be regular, irrespective of pressure in oil pipes, as this 
equalization of pressures in the lubricator is brought 
about by reducing the opening at the point of oil 
delivery. This is especially true where full throttle 
and short cut-off is used. When throttle is opened 
wide in starting, the oil pipes fill up from the steam 
chest end first. If the engine is cut back, the steam 
chest pressure is very nearly the same as the lubri- 
cator pressure, and the current of oil and steam 
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through the chokes is Ter>" slow, no doubt being 
dela\ed sometimes several minutes or until such 
time as the throttle is eased off. Reducing the 
steam chf^t pressure below the lubricator pressure, 
establishing a live steam current through the oil 
pifKi from the lubricator to the steaifl chest, will 
always tide an engine over this difficulty. 

Siphoning.' -Insmnces of siphoning from oil tanks^ 
when UhhI valves were closed, steam and water valves 
0|KTi, and Ixiiler allowed to cool off, are so rare that 
they mav safelv \ye said not to occur with the modem 
lubricator as constructed to-day. When cases of oil 
(lis<'if)i)carance are met with, investigation will usually 
I)rove one or more mechanical defects present in the 
lubricator. The following are a fe\y causes for loss 
of oil: 

1. Pipe leading from condenser to bottom of oil 
Uink Ix^ing split, or bad joint where screwed into 
water passage. 

2. Blow hole in casting, allowing oil to pass into 
stcvim channel or upjx^r feed arms. 

;j. Imperfect joint made with the plug in opening, 
til rough which the oil supply pijie is sometimes 
ins(Tted, has boon follow^ed by a loss of oil. 

Mileage.—This is a feature that cannot be disposed 
of without many considerations of conditions and 
surroundings. It is an admitted fact that one man 
will use l(\ss oil on one engine than he could possibly 
kH along with on another engine of the same class. 
1 1 is largely, thoroforo, a matter of judgment of the en- 
gines man in charge how much oil is to be used or is 
n^iuirod on that particular engine, without r^ard to. 
the mileage made by some other engine under what 
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would almost seem similar conditions. The lubri- 
cator should be set to afford good and sufficient lubri- 
cation to valves and cylinders, and feeds should not 
be closed unless stops exceed ten minutes. 

Instruction for the use of valve oil. — In one pint of 
valve oil there are, when fed through a lubricator in 
good repair, not less than 6,600 drops. A feed of 
five drops per minute will ordinarily be found suffi- 
cient for the largest engines and heaviest service; 
for smaller engines, or light service, a comparatively 
slower feed of oil will be found sufficient. A feed of 
one drop per minute is sufficient for an air pump. 

At a feed of five drops per minute for each cylinder, 
and one drop per minute for air pump, ten hours' 
steady service can be obtained from one pint of valve 
oil. 

Intelligent and economical results cannot be ob- 
tained unless engine men know the rate at which oil 
is being fed through the lubricators. If a small 
quantity of oil is put in a lubricator, time must be 
allowed for the condensation to fdl the cup, and raise 
the oil to the top of the feed pipes before the jfeed valves 
are opened. 

Immediately after the oil is put in the lubricator 
the steam and condenser valves should be opened; 
the steam valve should always he opened first and 
o|)ened full, and should be shut last. By bearing 
this in mind, as before stated, most trouble with 
lubricators will disap|)ear, water in feed glasses will 
remain clear, and there will be no loss of oil by siphon- 
ing. 

The feed valves should be ojKnied and set a few 
minutes before starting on the trip, and if the lubri- 
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cator is in good repair there will be little or no varia- 
tion in the feed between using steam and when the 
throttle of the engine is shut. 

Irregularity in feed of lubricators is usually due to 
enlarged opening in choke plugs. The holes in 
choke plugs should not exceed 1-32 of an inch. 

Great care should be. taken when filling the lubri- 
cator that no foreign substance be allowed to get into 
it. Owing to the smallness of the openings through 
which the oil passes, it does not take much to clog 
them. 

If engine or other oil is mixed with valve oil, its fire 
test is reduced, and its value as a lubricant for valves 
and cyhnders is gone. 

Extravagant use of valve oil results in clogged-up 
exhaust, pipes, and a consequent increase in coal con- 
sumption. 

Working water or damp steam, or slipping an 
engine to get water out of cylinders; is considered 
bad practice, and has a bad influence on valve and 
cylinder lubrication. 

While engine is standing it may be ascertained 
whether openings in choice plugs are too large or not 
by closing cylinder cocks, placing leVer in center, 
blocking driving wheels, and opening throttle valve 
of engine, then opcMi feed valves of lubricator. After 
determining by the watch the rate of feed per minute, 
close throttle \ ah e and o|)en cylinder cocks; if feed of 
lubricator in(T(*ases, it can usually be charged to 
enlarg(Hl chok(* plug openings; if either or both equal- 
izing steam pi|)es to lubricator are clogged, the result 
will 1)(* the same, but the latter condition is rarely 
lound. 
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Explanation of the Hydrostatic Principle of sight- 
feed lubricators. — It will be of advantftge to those who 
would come to a complete understanding of the mod- 
ern sight-feed lubricator to carefully note how simple 
is its working, as described by a well-known lubri- 
cator manufacturer.* 

"A common double connecting hydrostatic sight- 
feed lubricator, if detached from all steam sources 
and set upon a table, its oil reservoir completely filled 
with oil and its condenser and sight-feed glasses filled 
with water, will feed perfectly when set to operate— 
the hydrostatic principle being then most perfectly 
illustrated, because there is an absolute equal- 
ity of pressure (an atmospheric pressure of about 15 
pounds per square inch) at the steam intake and oil 
outlet ends of the lubricator, in which case we have 
a liquid body suspended between two equal and, there- 
fore, non-opposing forces, the oil being actuated or 
moved out of the oil-feed nipple by the heavier weight 
of w^ater suspended over it. 

"When the oil drop has left the nipple the hydrostatic 
feature has performed its function, the oil being 
floated out of the sight-feed glass by the difference 
between the specific gravity of the oil and the water 
in the glass. If we increase the pressure at the con- 
denser end onlv, the lubricator will increase its feed. 
b(nng actuated then not only by the weight of water, 
but also by this additional condenser pressure. On 
the other hand, if we increase the pressure at the oil 
(Unlivery arm only, the feed of the lubricator will be 
r(>tarde(l in a corresponding ratio, and, if the pressure 



* F. W. Marvin. 
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is sufficiently increased, it will overcome the hydro- 
static pressure and cause the lubricator to stop feeding 
altogether. 

"Hence it is obvious that a perfect equaUty of 
pressure at the top of the condenser and at the oil 
delivery pipes is absolutely necessary to a common 
hydrostatic, or the feed will not be uniform. 

**It is for this reason that when applied to a station- 
ary engine its condensing tube and oil delivery arms 
are both connected to a steam pipe on the boiler side 
of the engine throttle in order that closing the throttle 
shall not affect the steam pressure at either end of the 
lubricator. Thus such a lubricator requires no 
equalizing tubes or chokes, and feeds its oil perfectly 
and steadily, regardless of pressure or whether the 
throttle is open or closed. Change the connections 
of this same lubricator, leaving the condenser tube 
still connected on the boiler side of the engine throttle, 
but remove the oil delivery connection to the cylinder 
side of the throttle (that is, straddle the throttle), and 
note the results: As long as the throttle is wide open 
the lubricator continues to feed hydrostatically; but 
the moment we close the throttle we have removed all 
the pressure from the oil discharge arms and left the 
pressure on the condenser, and immediately the lubri- 
cator feeds with the weight of water plus the boiler 
pressure, thus racing and emptying itself rapidly. 
Hence it will be seen that straddling the throttle 
produces conditions analogous to those- of a. loco- 
motive, and consequently the necessity of loco- 
motive lubricator requirements, as follows: 

"(1) An equalizing tube is added, which is simply a 
by-pass around the throttle to replace to the oil dis- 
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charge arm of the lubricator the pressure that was lost 
when the throttle was closed; and still we have not 
bettered conditions, because the oil discharge pipe is 
so large that it permits an outflow of steam as fast 
as the equalizing tube can supply it. Therefore it is 
neressary to also add a choke between the equalizing 
tube and the oil outlet in order to maintain boiler 
pressure within the lubricator feed arm at all times." 
While most locomotive lubricators have the choke 
plugs located within the lubricator, others place them 
at or near the steam chest in order to avoid a flow of 
steam up the oil supply pipes. 

DETROIT TRTPLE-FEED LOCOMOTIVE LUBRI- 
CATOR WITH AUTOMATIC STEAM 
CHEST VALVES. 

The 1900 pattern of the Detroit locomotive lubri- 
cator is fully illustrated and the various valves de- 
scribed in what follows: 

The automatic steam chest valves furnished with 
this lubricator are to be connected directly above the 
steam chests, and are sent out blank so they can be 
threaded to lit the plugs already in the steam chests. 
It is claimed they are so constructed that a continuous, 
uninterru!)te(l feed of oil is maintained to the steam 
chests and cylinders under all conditions of throttle 
|)()sition, and there is no danger of their becoming 
inoperative throiigh the lodging of dirt or sediment in 
restricted passages. 

The use of the old style auxiliary oilers is neces- 
sarily accompanied by a good deal of spilling and 
general waste of oil, and in order to avoid this, this 
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lubricator is equipped with by-pass valves for auxil- 
iary oiling. The by-pass valve is shown in section 
on the right-hand side of plan view, Fig. 3. These 
by-pass valves are intended to be used only when, 
on account of a broken glass or other cause, the oil 
cannot be fed through the sight-feed glass. At all 
other times these by-pass valves should be kept 
closed tightly on their seats. The stems of the by- 
pass valves are graded to feed at exactly the same 
rate as the regular regulating feed valves EE, so 
that an eighth turn opening or a quarter turn open- 
ing of the by-pass valve will allow the same quantity 
of oil to l)e fed as an eighth turn opening or a 
quarter turn opening of the regulating feed valve £". 

Each sight-feed glass is provided with an auto- 
matic safety valve, a sectional view of which is shown 
in Fig. 2, and on a larger scale in Fig. 5. Each drop 
of oil has to pass through this safety valve, and in 
doing so it pushes the check. No. 17b, open. After 
the drop passes out this check seats again until the 
next drop appears. ' Shoukl the glass be broken from 
any cause, the check No. 17b remains tightly closed 
and prevents the escape of any steam or oil to injure 
those in the cab. This safety valve also protects the 
glass from the steam passing through the equalizing 
\n\yes. Where the steam has free access to the sight- 
feed glasses, the upper parts of these glasses soon 
l)ecome worn thin and break, being cut away by the 
eddying motion of the steam as by a sand blast. 
Hence an advantage is claimed for this design. 

This lubricator has only two external equalizing 
tubes, one for each steam cylinder. The equalizing 
tube for the air pump feed is located inside the 
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condenser, and is shown in Fig. 1, part No. 11. The 
gauge glass is provided with an automatic check 
valve in both upper and lower gauge arms, so that in 
case it shoul<i be broken no oil or water can escape. 
One of the checks is shown in Fig. 3, part No. 27c. 
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ZZZ— Automatic BaTety Valves. 

JJJ—By-Piu!B Valvea hi lUcht 

I^ft Hand Cyliudera and to 



EE—Feal RpjTulatine Valves 

and Left Hand Cylinilerx. 

L — Kccd Rcpilating Valve 



to Ait 



IF IT— Coupling 

Hand Cylini 

R— Coupling to 



) Richt and LcFt 



Directions for application. — 1st. Secure the 
Lubricator to boilor-head or to top of boiler by 
strong bracket. 

2nd. Connect Lubricator at coupling C to boiler 
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space, using copper pipe of 13-16 outside diameter or 
itis equivalent, and a J inch valve at boilers. 

3rd. Connect with tallow pipes at couplings WW, 
and with air pump at coupling R. 

4th. Automatic chest plugs furnished with the 
Lubricator can be threaded to fit plugs already on 
steam chests. 

5th. The fitting to which our steam chest valve is 
attached should be bored to J inch hole. 

Directions for operating, — When the kibricator is 
first applied, blow out thoroughly, then close all the 
valves. 

To fill.— Remove filler plug O, and fill the reservoir 
fiUl with clean, strained oil. 

To start lubricator.— 1st. Open boiler valve grad- 
ually until wide open, and allow sufficient time for 
condenser and sight-feed glasses to fill with water. 
Keep wide open while lubricator is in operation. 

2nd. Open water-feed valve D. 

3rd. Regulate the flow of oil to right and left hand 
cyUnders by valves EE, and to air pump by valve L. 

To refill. — Alwavs close valves EE and L in ad- 
vance of valve D. Open drain plug G, then filler 
plug O. Refill and proceed to operate as before. 

It is important that valves ZZZ contain automatic 
safety valves, and should be kept closed when the 
lubricator is in operation. 

To clean glasses.— Open valve T, unseat safety 
valve Z, and when glasses are cleaned close valve T, 
and after the glasses have filled with water screw 
valve Z tight to its seat and leave in that position. 

No hand oiler is attached to this lubricator, and 
none is required. The by-pass valves JJJ control 
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this feature, and are to be operated as follows; Always 
keep closed unless the siRht feed glass becomes broken. 
In that event, close tlic feed rt^ulating valve under the 
broken glass and use the by-pass valve as a hand 
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oiler. Regulate the feed identically the same as with 
a regulating valve, remembering always that an 
o|)ening corresitonding with that of the feed-rc^ulat- 
ing valve will give aiv equal quantity of oil through 
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the by-pass, guarding against too great an opening 
of the by-pass valve and consequent waste of oil. 
In no event is it necessary to close the locomotive 
throttle or any valve of the lubricator, excepting the 
regulating valve under the broken sight-feed glass, 
to use the by-pass valve as an auxiliary oiler. 



LIST OF PARTS FOR DETROIT TRIPLE LOCOMOnVE LUBRICATOR. 

Figs. 1, 2 and 8. 



No. 

1 . Condenser. 

2. Condenser Plug. 

3. Boiler Nipple. 

4. Boiler Nipple Tail Pipe. 

5. Boiler Nipple Tail Pipe Nut. 

6. Equalizing Tube Nipple. 

7. Equalizing Tube Nipple Nut. 

8. Equalizing Tube. 

9. • Condenser Tail Pipe. 

10. Condenser Tail Pipe Nut. 

11. Air Brake Equalizing Tube. 

12. Oil Reservoir. 

1 3. Water Tube Complete. 
14r. Upper Feed Arm, Right. 
141. Upper Feed Arm, Left. 

15. Tail Pipe. 

16. Tail Pipe Nut. 

17. Automatic Safety Valve, com- 

plete. 
17a. Stem. 
17b. Check. 
17c. Bush Ring. 
17d. Packing Nut. 

18. By-Pass Valve, R. or L. Cylinder, 

Complete. 
18a. Stem. 
18b. Stem Handle. 
18c. Stem Handle Nut. 
18d. Stem Bush Ring. 
18e. Stem Packing Nut. 

19. Extension Sleeve. 

20. Packing Nut. 

21. Upper Air Brake Arm. ' 

22. Filler Plug, Complete. 

22a. Filler Plug. 

22b. Filler Plug Handle. 

22c. Filler Plug Handle Plate. 

22d. Filler Plug H'dle Washer. 

22e. Filler Plug H'dle Washer 

Nut. 
22f Filler Plug Copper Seat. 

23. By-Pass Valve for Air Brake, 

Complete. 
23a. Centre Piece. 
23b. Stem. 
23c. Handle. 



No. 



24. 
25. 
26. 



27. 



28. 



29. 
30. 
31. 
32. 



32c. 



33. 



34. 



23d. Handle Nut. 

23e. Gland. 

23f. PacIdngNut. 
Support-Arm Nut. 
Air-Brake Noszle. 
Water Valve, Complete. 

26a. Center Piece. 

26b. Stem. 

26o. Handle. 

26d. Handle Nut. 

26e Gland. 

26f Packing Nut. 

26g. Handle Washer. 
Upper Gauge Arm, Complete. 

27a. Upper Gauge Arm. 

27b. Upper Gauge Arm Plug. 

27c. Upper Gauge Arm Ball 
Check. 
Lower Gauge Arm, complete. 

28a. Lower Gauge Arm. 

28b. Lower Gau|{e Arm Ball 
Check. 
Lower Feed Arm. 
Oil Tube. 
Vent Stem. 
Regulating Valve, Complete. 

32a. Stem. 

32b. Handle. 
Handle Plate. 

32d. Handle Washer. 

Handle Washer Nut. 
Gland. 



32e. 
32f. 
32g. 



Bush Ring. 

32h. Packing Nut. 
Drain Valve, Complete. 

33a. Dram Valve Seat. 

33b. Drain Valve Body . 

33c. Drain Valve Stem. 
Automatic Steam Chest Vahre^ 
Complete. 

34a. Body. 

34b. Seat. 

34c. Plug. 

34d. BaUCheok. 

34e. Tail Pipe. 

34f. lUlPipeNllt. 
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To insert the sight-feed glass. — Place the gland nuts 
and the extension sleeve V around the glass in the 
order shown. Then pass the lower end of the glass 
over the point of the nozzle, as indicated in the lef t- 




FiG. 5. 

Detroit Triple Feed Locomotive Lubricator. 

Sectional view of feed — showing automatic safety valves above the glasses. 

hand cut, and place the glass in position. Then 
screw the sleeve V in place, and tighten up the gland 
nuts. 

To remove the glass, first unscrew the gland nuts 
and push the upper one down until it touches the 

X7 
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lower one. Then unscrew the sleeve V, pushing it 
down shghtly on the glass also, and the whole will 

pass out easily. 




THE DKTROIT TniPLI->FKKD LOCOMOTIVE LUBRI- 
CATOR WITH TIPPKTT ATTACHMENT. 

The tippett attachment has been designed to insure 
the regular delivery of the oil to the wearing pai^s by 
overcoming the back pressure from the steam chests. 
It consists of a pipe leading to the dry-pipe within the 
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boiler and communicating with the two tallow pipes, 
as shown in Fig. As soon as the throttle is opened, 
an extra current of steam from the dry pipe is ad- 
mitted into the tallow pipes. This, it is claimed, 




Fio. A. 
IVtnit Triple Feed Locomotive 

" "™ ' (Front '?^wj 



F — Condenser. _ 

0-Filler Pl^!*"' 
C— Drain Plug. 
D— WaWr Feed Viilvo. 
££— Feed RepilatinB Valvea to Risht 
and I^efl Hand Cylinileni. 



Fia. B. 
Detroit Triple Feed Loeoniotive 

Lubricator with Tippctt Attachment. 
(Side View.) 

ZZZ— Automatic Safety Valvea. 
y^7— By-PaM Valves to Right and 
Left Hand Cylinders and to Air 



1—Qoop 
J— Dry-l 



Yoke of Tlppett 



overcomes the back pressure from the steam chests 
and creates a circulation of steam in the tallow pipes 
towards the cylinders. Hence, as soon as the drop of 
oil rises through the sight-feed glass, it is carried at 
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once to the wearing parts, as intended, and a steady 
delivery of the oil to the cylinders is assured under all 
conditions of throttle position. In connecting the 
tippett attachment, a copper pipe 13-16 inch outside 
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diameter should be used, as shown in cut, and it is 
recommended that (his pipe be brazed to the swivel 
N instead of beingscrewed into same. The pipe used 
for connecting the condenser to the boiler ^ould be 
%-inch outside diameter copper pipe. 
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Directions for application. — 1st. Secure the 

Lubricator to boiler-head or to top of boiler by 
strong bracket. 




2nd. Connect Lubricator at coupling C to boilei 
space, using copper pipe of | outside diameter or its 
equivalent, and a J incti valve at boiler. 

3rd. Connect coupling S with Dry Pipe as shown 
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in cut on opposite side using copper pijie 13-16 in. 
(outside) diameter. 

4th. Connect witli tallow pipes at couplings WW 
and with air pump at coupling R. 

5th. Reduce the opening at steam chest plugs to 
3-16 in. 




The steam chest oil pipe plug should be of the 
pattern shown in Fig. 5, having a hole 3-16 inch in 
diameter at the bottom. 

When lubricator is applied to simple engine, open 
full both valves A' A'; and leave in that position. 

When application is made to Cross Compound 
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Engines, open full valve X on side to high-pressure 
steam chesf, and close tight valve X on side to low- 
pressure steam chest, and leave in that position. 



LUT or PABT8 FOR DBTBOIT LOCOMOTIVB LUBRICATOB WITH TIPPBTT ATTAOBUSNT. 



Figs. 1, 8 and 3. 



No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14r. 
141. 
16. 
16. 
17. 



18. 



19. 
20. 
21. 
22. 



23. 



24. 
25. 
28. 



Condenser. 
Condenser Plu|^ 
Boiler Nipplb. 
Boiler Nipple Tail Pipe. 
Boiler Nipple Tail Pipe Nut. 
Equalizing Tube Nipple. 
Equalizing Tube Nipple Nut. 
Equalizing Tube. 
Condenser Tail Pipe. 
Condenser Tail Pipe Nut. 
Air Brake Equalizing Tube. 
Oil Reservoir. 
Water Tube Complete. 
Upper Feed Arm, Right. 
Upper Feed Arm, Left. 
Tail Pipe. 
TaU Pipe Nut. 

Automatic Safety Valve, Com- 
plete. 

17a. Stem. 

17b. Check. 

17c. Bush Ring. 

17d. Packing Nut. 
By-Pass Valve, R. or L. Cylinder, 
Complete. 

18a. Stem. 

18b. Stem Handle. 

18c. Stem Handle Nut. 

18d. Stem Bush Rine. 

18e. Stem Packing Nut. 
Exten.sion Sleeve. 
Packing Nut. 

Upper Air Brake Arm. * 

Filler Plug, Complete. 

22a. FiUerPlug. 

22b. Filler Plug Handle. 

22c. Filler Plug Handle Plate. 

22d. FiUer Plug H'dle Wa.sher. 

22e. Filler Plug H'dle Washer 
Nut. 

22f. Filler Plug Copper Seat. 
By-Pass Valve for Air Brake, 
Complete. 

23a. Centre Piece. 

23b. Stem. 

23c. Handle. 

23d. Handle Nut. 

23e. Gland. 

23f. Packing Nut. 
Support Arm Nut. 
Air-Brake Nozzle. 
Water Valve, Complete. 

26a. Center Piece. 

26b. Stem. 



No. 

26o. Handle, 
aod. Handle Nut. 
26e. Gland. 
26f Packing Nui 
26g. Handle Washer. 

27. Upper Gauge Arm, Complete. 

27a. Upper Gauge Arm. 
27b, Upper Gauge Arm Plug. 
27c. Upper Gauge Arm Ball 
Check. 

28. Lower Gauge Arm, Complete. 

28a. Lower Gauge Arm. 
28b. Lower Gauge Arm Ball 
Check. 

29. Lower Feed Arm. 

30. Oil Tube. 

31. Vent Stem. 

32. Regulating Valve, Complete. 

32a. Stem. 
32b. Handle. 
32c. Handle Plate. 
32d. Handle Washer. 
32e. Handle Wajsher Nut. 
32f. Gland. 
32g. Bush Ring. 
32h. Packing Nut. 

33. Drain Valve, Complete. 

33a. Drain Valve Seat. 
33b. Drain Valve Body. 
33c. Drain Valve Stem. 

35. Tippett Yoke, Complete. 

35a. Tippett Yoke. 
35b. Tippett Yoke Check. 
35c. Tippett Yoke Plug. 
35d. Tippett Yoke Tail Pipe. 
35e. Tippett Yoke Tail Pipe 

Nut. 
35f. Tippett Yoke Con'g Nut. 
35g. Tippett Yoke CoiPg Tail 

Pipe. 
35h. Tippett Arm, Right. 
35i. Tippett Arm, Left. 
35j. Tippett Arm, Nozzle. 
35k. Tippett Arm, R. and L. 

Connecting Nut. 

36. Dry-Pipe Fitting. Complete. 

36a. Dry-Pipe Fitting. 
36b. Dry-Pipe Fit'g Tail Pipe. 
36c. Dry-Pipe Fit'g Tail Pipe 
Nut. 

37. Expansion Joint. 

37a. Expansion Joint. 
37b. Expansion Joint Nut. 
870. ExpautuonJoiot Gland. 
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(•tKfiansion Joint 



J)rj'Tifi9 Titfiffj 



Fig. 4. 

Detroit Triple Feed Locomotive Lubricator with Tippett Attachment. 

Showing method of connecting Tippett Attachment to Locomotive. 




Steam Omsi Oil pipe ptuf 



This hole must be %'at the bottORi 



Fig. 5. 
Steam Chest Oil Pipe Plug. 



MICHIGAN SIGHT-FEED LUBRICATOR. 

The manufacturers of this lubricator claim to over- 
come the "hold-up" of oil in the tallow pipes, and to 
insure a deUvery of oil direct to the steam chest with 
wide open throttle and any position of reverse lever. 
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Flo. I. 
L— Lock Nut to ecoure Lubr 

Angte Iron, 
fl— Union to connect Pipe fi 

sion of steam. 
J-J~Vmoax to lonncct CylinrJer 

Feeds to Tallo* Pijic". 
Af— Uniou to connect Air Pump Ft-e<]. 
A'^Steam Valve for Boiler Pre^«iire, 



S— Lifting Stems to hold 4iito- 

itic theck Valves off their 

itH SO Glassea will fiU nitli 

)f Condensation nben 



SI2„ 



— R™ulatinK Foeil Valvcn. 
Auxiliary Oiiera operative i 



ins or cleaning Sight Feed 

7— <;au|te Glai^. 

O— Valvo to drain Oil Haiervoir. 
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The principle by which it is claimed that this 
"hold-up" of oil in the tallow pipes is prevented is 
shown in Fig. 2, which illustrates the automatic 




CHEST PUja 



m cywwft 



Steam chest pluff. This device has a ball valve, the 
scat of whitli isaboutequdlindreatotheinsideof the 
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tallow pipes of the locomotive, and having at one side 
of this seat the choke opening. The cylinder feeds 
JJj Figs. 1 and 3, have no chokes within the lubri- 
cator. Hence a full current of steam is delivered from 
the boiler through the steam tube, condenser, equaliz- 
ing tubes and tallow pipes to these automatic plugs 
at each steam chest, thus giving a complete steam 
area from the boiler to the steam chest about equal to 
that of the tallow pipes. Consequently, when the 
locomotive throttle is wide open, the forward pressure 
from the lubricator practically equalling the back 
pressure from the steam chest, the ball in the steam 
chest plug drops by gravity from its seat to the posi- 
tion shown in Fig. 2. 

All pressures now being equal, oil will flow by 
gravity into the steam chest at the same intervals it 
is seen feeding in the sight-feed glass. 

The instant the boiler (or forward) pressure becomes 
greater than the steam chest pressure, as when the 
engine throttle is closed, the ball valve in the steam 
chest plug is forced to its seat, leaving only the small 
choke at the side of the ball seat open, and thus main- 
taining a balance of pressure in the intake and outlet 
pipes of the lubricator. These steam chest plugs 
should always be screwed perpendicularly into the 
top of the steam chest. 

Another special feature of this valve is the arrange- 
ment whereby oil may be supplied through the auxil- 
iary oilers (CC, Figs. 1 and 3) without closing the 
locomotive throttle, as clearly shown in Fig. 3. 

Another noticeable feature of this lubricator is 
the automatic check valves at the top of each sight- 
feed glass, as shown in Fig. 4. These valves are 
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suspended in the stems SSS (see also, Fig. 1), which, 
when screwed down, leave the check valves free to 
close automatically should the sight-feed glasses 
break. When it is desirable to open the sight-feed 
drain valves FFF to renew the water of condensation 
in any one glass while the others are still operating, 
unscrew the lifting stem S a few turns, thus holding 
the check valve off its seat and permitting steam to 
blow through. As soon as the glass is blown out, 
close the valve F, and fresh water will immediately 
fill the glass; then screw down on the lifting stem S, 
and the check is again automatic. 

To op^ra^^. -Open steam, valve N full for boiler 
pressure, then open valve W, and regulate feed of oil 
by valves OOOy observing not to start feeding until 
the condenser and sight-feed glasses have had time 
to condense full of water. 

Shutting off lubricator.— In leaving engine after a 
tri[), close the sight feeds fitst and the steam valve 
last, leaving water valve W open, in order that the 
expansion caused by heating freshly filled oil will 
ease off through the tallow pipes, thus preventing 
the expansion, strain or bulging of the lubricator. 

To operate the auxiliary oilerc—Close the auxiliary 
feed valve R perfectly tight, and open its oil feeder 
valve P a turn or two, fill the cup with oil, close tightly 
valve P, and finally open valve R, thus permitting the 
oil to pass directlv into tallow pipes, as shown in 
Fig. 3. 

Blomng out lubricator, — ^The method of renewing 
the water of condensation in the sight-feed glasses 
has already been given. 

Should the passage from the top of the sight-feed 
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nipple to the top of the internal oil delivery arm (in 
reservoir) become clogged, this can be blown out with 
live steam by emptying the oil reservoir and leaving 
the feed valve and reservoir drain valve G open. 
(See Figs. 1 and 4.) 

THE wSEIBERT SIGHT-FEED LUBRICATOR. 

This lubricator has three sight feeds for oiling 
independently each cylinder and air brake. After 
placing in position and connecting as directed steam 
enters at C, a portion passing through the small 
outside pipes leading from the top of the bulb or con- 
denser to each cylinder through on both sides, 
taking oil at the discharge from the lubricator at the 
top of the sight feeds, and for the air brake pump 
cylinder at the connection just below the auxiliary 
oiler G to the different cylinders to be lubricated. 
The other portion of steam condenses in bulb F, 
forming the water column; this water is conducted to 
the bottom of the lubricator under the oil, which is 
forced out through sight feeds E E E in drops regu- 
lated by valves K K K. Thus it can be readily 
understood that exactly the quantity of oil allowed 
to feed up through each sight-feed must go to each 
cyUnder as desired. 

Atthe auxiliary oiler G on back of lubricator con- 
nections are made with the air brake pump cyUnder, 
and the quantity of oil feeding is indicated by sight- 
feed E on the front of the lubricator. 

To attach the hibricator.—Remowe valves from 
plugs over the steam chests. Fasten the lubricator to 
the boiler head with bracket at the proper height, and 
have the outside pipes now in use attached to unions 
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O 0, similar to that shown in cut. Make pipe con- 
nection to supply the lubricator with steam pressure 
from any convenient point on tlie boiler to the union 




-RlltnjtPlUK. 



A"-A-A'-KinulaLiDg Viilvca. £-£■-£— SlBht-PeedB. 

J— Wulur V»lve. B-Gauge QIaaa. 

f— Condenser. « *S-P lugs over Glissea. 

(.■-«. W- A uxiliarv Oilers. C -UnloQ. 

11— Uraw'-off Valvt'. P-J'-/'— Valves to sbul oS at top of 

(/■(J—CoaaeeUtins lu CyllatlCTS. Olaas when broken. 

at C. A slohc valve should be put in at boiler end of 
this pipe as slioun at H. Place a small globe valve 
iu the pipe miirl<ed "to air brake," near the steam pipe 
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of the air pump, for the purpose of shutting off that 
portion when desired. 

To operate the lubricator. — Close valves W, K, K, 
K, J, small valve in the air brake pipe, and boiler 
valve H. When first starting the lubricator, to facil- 
itate matters, fill the sight-feed glass with clean water 
by removing plugs »S at the top of the several feeds 
and then replace the plugs; afterwards the glass will 
be kept full by condensation. Fill the lubricator at 
plug M completely full with good strained oil and 
screw the plug down; then open boiler valve H a very 
little, and wait a few moments until the pipe or con- 
denser F is full of water from condensation; then 
open water valve J, also open the small valve in air 
brake pipe. The valves P, P, P, should always be 
kept open, except when glass breaks; then valves 
P and K on that particular sight feed should be closed 
and use the auxiliary oiler G at that point same as 
common cab boiler. Regulate the drops of oil by 
opening feed valves K, K, K, more or less, as required 
for each cylinder. 

To refill the lubricator, shut valves //, J, K^ K^ K, 
also small valve in air brake pipe, and draw off the 
water at valve W\ then close it and fill the lubricator as 
before. Upon starting it again, open water valve J 
first, the boiler valve H a little, also open small valve 
at air brake steam pipe, and regulate by valves K^ 
K,K. 

If the lubricator becomes disabled, the auxiliary oil 
cups G, G, Gf can be used the same as conunon cab 
oilers. 
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FORCE-FERD LUBRICATORS. 

For many years past individual unit, force-feed 
lubricating devices have come to supersede all others 
in power plants where modern and economical prac- 
tice prevails. 

At the j)resent time of very fast trains, makii^ 
long runs between stops, the ([uestion of facilities for 
thorough and positive lubrication of all journals, 
eccentrics and links of the fast moving engine becomes 
very important. 

CORY'S FORCE-FEED LUBRICATOR. 
The introduction of the device herewith illustrated 
and described markfj a distinct advancement in secur- 




ing the highly desirable means of oiling all important 
bearings of tlie locomotive, while it is nmning at full 
si)eed, and this is fully accomplished direct from the 
cab, from where it is possible to oil each bearing 
successively, or any particular bearing repeatedly, 
that may be giving leraporary trouble by heating. 
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The lubricator is placed, conveniently of access, 
in the cab (as shown in Fig. 1), and consists of an oil 
supply reservoir of one gallon capacity; at the lower 
part of this reservoir is seated a hollow conical valve 
A (Fig. 2); the cavity in this conical valvq will hold 
about one-eightieth of a gallon. This space inside of 




Cory'a Force Fi 

conical valve is termed the oil discharge reser\'oir, 
and connects to oil supply reservoir by small valve 
J3, seated in upper part of hollow valve. The side of 
the hollow valve is jjerforated by a hole, E, one-eighth 
inch diameter, that can l»e brought to coincide with 
any one of the 16 outlet holes at the base of oil supply 
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reservoir, that each connects with a line of pipe to a 
given bearing. There are 16 notches on the upper rim 
of the lubricator, that when lever is brought to engage 
with any one of these notches the hole in the side of 
conical valve then coincides with a given hole, in base, 
to outlet pipe. When the lever is thus placed for any 
bearing desired to supply with oil, the valve shown 
attached to base, and connected to either steam or 
air pressure, is opened, and pressure enters through 
small valve C, into the oil discharge reservoir, closing 
valves B and D, and forcing contents of oil discharge 
reservoir through hole E, and through hne of pipe 
connecting with bearing that it is desired to oil. This 
requires but a moment, when pressure should be shut 
off, and lever placed midway between any two notches 
and in about ten seconds the discharge reservoir will 
again be filled and ready for discharging to any de- 
sired bearing when the lever is placed in the notch 
corressi)onding to the bearing to be oiled, and 
pressure again turned on. 

For all main journals three way tips are furnished 
for ends of pipe; thus the wedges and jaws are oiled 
as well as the journal. 

Thus the engineer has at his conunand a positive 
means of oiling all parts of his engine, however fast 
the engine may be running, and however long dis- 
tances he is obliged to run without stops, thus pre- 
venting any dangerous and destructive heating and 
cutting of bearings, delays of trains and possible 
accidcMits that might occur from rear end collisions, 
by bcnng obliged to stop, cool off and pack hot journals. 

Th(5 use of this device is not intended to relieve the 
engineer from the responsibility of adjusting his 
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present oil cups, and inspecting and oiling by hand, 
when first taking engine out from terminal station, 
the same as if engine was not equipped with the 
force feed lubricator. 

There is simply placed at the disposal of the en- 
gineer a gallon of oil that can be forced from the cab 
to any desired bearing, a^ occasion requires. 

While this lubricator was originally designed for 
emergencies and long distance runs, it is now being 
used for oiling at all times, all bearings having pipes 
leading thereto, and is showing saving in oil over 
hand oihng. It has also been found a great conven- 
ience in winter to be able to blow steam to the various 
parts of the running gear, and thereby melt accumu- 
lated snow and ice, and thus have cups and bearings 
in condition for oiling. 

The piping may be done with either one-eighth 
inch wrought iron or copper pipe. 

MCCANNA FORCE-FEED LUBRICATOR. 

This system of lubrication consists of a reservoir 
filled with the oil to be used as lubricant and many 
small oil pumps operated by a single ratchet wheel 
connectefl with the valve stem or some other portion 
of the engine having a reciprocal motion of from 
3 to 5 inches. The discharge pipe from each of these 
small pumps leads to the journal, guide, steam chest 
cylinder or other part to be lubricated. As each of these 
parts requires a different amount of lubrication, pro- 
vision is made whereby the length of stroke of each 
pump may be readily and quickly aHered while the 
machine is in motion. 
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There are a great many difficulties due to the 
weather and other causes to be overcome in applying 
such a device to the locomotive engine; but that it 
has many advantages must be readily conceded. 

When the feeds are once set the amount of oil sup- 
plied any given part varies automatically with the 
speed of the locomotive, and will cease altogether with 
the engine at rest. Thus the lubrication is directly 
in proportion to the recjuirements. 

The accompanying engraving shows a large 
express locomotive equipped with force-feed cylinder 
lubricators. The oil reservoir G is placed at a con- 
venient point in the cab, with pipe D leading to 
the oil pump B located in a protected position back of 
the steam chest to which it is attached. A clamp, A, 
is fastened to the valve stem and connected by a suit- 
able rod lO the pump ratchet arm C. Thus it takes 
several movements of the valve stem backward and 
forward to cause one stroke of the small pumps, which 
can be adjusted to deliver but a drop or less at a stroke. 
The pump here shown has two delivery pipes leading 
to (Mthor steam c^hest, one of them being shown at F. 

To set the pump to feed more oil, move the set-nuts 
closer together on the pump plunger, thus making 
less lost motion. To set the pump to feed less oil, 
move the sot-nuts farther apart, making more lost 
motion. Adjustments can be made for each five to 
fifty turns of the driving wheels to produce but one 
stroke of the pumps. Each stroke of the pumps can 
in turn be independently adjusted to deliver from 
ten drops to ontvfiftieth of a drop of oil. This would 
indicate that a very wide range of requirements can 
be met by the engineer. 
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ENGINE TRUCK OIL CELLA^l AKD SIGHT- 
FEED OIL CUP. 

The "Acme" combined cellar and oil cup is designed 
especially for engine trucks to overcome the friction, 
journal wear, and that bane of the railroad' man's 



CELLAR SUtfHH: 
HALF OPEN 
nLLED WITH 

01LE0 WASTE. 




FiQ. 1. Acme ff iKine Tniclt Cellar and Oil Cup. 

existence, hot boT:es ind thereby to prevent unneces- 
sarj' stop])ing oi fast trains and to permit of long dis- 
tance runs between stopping points. By giving a 
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regular feed of oil to the bearings it is claimed to 
effect considerable saving of oil. 

Fig. 1 gives a general view of these devices as 
applied to the loading wheel of an engine truck; Fig. 2 
shows the details of both the cellar and the oil cup. 



HI ' I I 




Fici. 3. 
Acmfi Oil Cup. 



From the lattor engraving it will be noted that no 
cellar-boUs arc raiuircd, and hence nonocan be lost, as 
frc(|U('nlly orrurs on the road with the ordinary form, 
but that the cellar is held up to the journal by four 
coil springs. By this arrangement ihe cellar may 
be pulled down and remo\ed instantly without a , 
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wrench, and yet cannot be lost from the truck box 
when replaced. 

Fig. 3 shows the oil cup and supply pipe. When 
in place, the bottom end of the pipe is connected to 
the engine truck by a short piece of rubber hose. 

Fig. 1 is a sec-tional view, from which the internal 
arrangement of the cup is seen to be that of a "needle 
f(H?d" oil cup adjustable from without. The cup is 
detachable by simply turning it half around and 
lifting it out when necessary to clean, but its shape 
prcnents its being jarrcnl out and lost while the loco- 
motive is running. 



OIL CUPS. 

There is no more important requisite for the proper 
running of a locomotive than adequate provision for 
the proi>er lubrication of those parts wherein it is 
necessary to overcome the deterrent effects of friction. 

One of the devices for accomplishing this is the 
oil cup, the aim of which is to continually supply 





Guide Cup. Guide Cup. 

fhf hearing with lubricant while in motion, to feed 
little or no oil when standing still, and to feed copi- 
ously when the bearing gets hot.* There are so many 

* TliRsubJcct of lul)ri<'ation and lubricants is referred to in "The 
Scioiicp of liailways, " and Uic reader is referred to the General Indes 
of t I'at work for further inf oriuation iu regard thereto. 
<3M) 
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different kinds of oil cups in use, many of them pat^ 
ented, that it would be impossible to describe them 
all. The following examples will, however, serve in 
a general way to indicate the various types and the 
uses to which they are put: 




Spindls Feed Rod Cup. 



Pio. 4. 

Locomotrvn Bearing Cup 
tar Cooaectinx Koda. 



Guide cups are used to lubricate the guides (see 
plate "American Steam IjKomotive," parts num- 
bered 89), and Figs. 1 and 2 illustrate a common ty]>e 
used for this purpose. 

A is the cap or cover, B the body and C the adjust- 



OIL CUPS. 

There is no more iniportjiiit requisite for the proper 
running of a locomotive than adequate provision for 
tilt; i)ro])er lubrication of those parts wherein it is 
niKxissary to ovenx)mG the tielerrent effects of friction. 

One of Ihe devices for accomplishing this is the 
oil cup, the aim of which is to continually supply 
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Guide Cup. Guide Cup. 

the hearing with lubricant while in motion, to feetl 
little or no oil wlieii standing still, and to feed copi- 
ously- when the bearing gets hot.* There are so many 

* Tlicsuhjc'ct of III l)ri coition aiKnul>rican(j4 is referrrd to in "Tl«) 
SiicTioi'iifTtiiiUvays, '■iimltlnTi-aiUTisrcfiTrocI to theGencTtJ Index 
of tl'ut wurk for furllicr inf urmutiou iu regurd theteto. 
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of main rod on the cross-head. (See plate "American 
Steam Locomotive," part numbered 96.) By remov- 
ing the cap the needle may be raised to rt^ulate the 
amount of feed. 





Valve Stem Oil Cup. Main Rod, Front End, Oil Cup. 

FiK. fi shows an adjustable needle-feed cup .some- 
times used on valve stems, alihough an 0])eii cup 
similar to Fig. il witli a pipe from the bottom to a 
swab on the valve stem is perhaps more often used. 




Fin. a Fio. 9. 

< lit C'ii]> fi>r RtK'kpr Box on Ciww Head. Oil Cun for Link Hanger. 

Opi-n cups.- Fig. 7 shows a style of ojMjn cupsome- 
linics u.soti on the front ends of main rods, although 
iHHiUe-feed cups similar to Fig. 5 are in more gen- 
eral use for this purpose. When an open cup like 
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Fig. 7 is used it is filled with waste, hair or wicking 
to liold the oil and prevent its being thrown out of 
the cup. 

Figs. 8 and 9 show two styles of open cups which 
serve as "reservoirs for oil for other locomotive bear- 
ings. These cups may be packed with waste or 
hair to longer retain the oil. 



GREASE CUPS. 



While grease has bccTi very successfully used 
as a lubricant on shop and mill machinery, its use 





on locomotive bearings has never been extensive. 
However, those railroads that have adopted the 
use of grease on main and side rods of very heavy 
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locomotives are very pronounced in its faver from an 
economical, as well as a beneficial, standpoint, and 
p;ive the following as an excellent formula: One box 
of concentrated lye in one quart of warm water, and 
let stand over night. Mix thoroughly by warming 
eight pounds of tallow and two pints of good valve 
oil; then add the lye and water, and stir until it be- 
comes thick. In winter it is best to use one pound 
less of tallow and three pints of valve oil. 



tt 



HAND OILERS. 



While there are a great many dif- 
ferent varieties of hand oilers in use 
on the various railroads, their construc- 
tion and operation are quite similar, 
and it will suffice to illustrate two of 
them. 

The objection to 
the plain oiler 
having no valves 
is that oil is wast- 
ed while the en- 
gineer is getting 
the snout of the 
can to the oil cup 
or l)earing, and also 
after it is removed 
therefrom until the 
can is tipped right 
side uj) again. 

The closer the 
valve is located 
to the end of the 
"snout" of the can 
(as shown in Fig. 
2) the less will be p^g. 

the loss of oil. UoVicarHaodCMlsr. 




PROPER LUBRICATION OF JOURNALS. 

The increase in size of locomotives and tenders, 
as well as cars, necessitates the carrying of greater 
weight upon each journal. To accommodate these 
great weights the engineering department has 
progressed from light iron rails of 35 pounds per 
yard to heavy steel rails of 100 pounds per yard. 

From a weight on each driving wheel of eight to 
ten thousand pounds formerly, we now find an 
increase barely escaping twenty-five thousand 
pounds. 

The locomotive tender has also kept pace with 
the engine itself, but with no addition in the num- 
ber of wheels carrying this greater weight. Even 
tliough track tanks* are used on many trunk lines, 
still the miles of railroads thus equipped would 
bear a very small ratio to the total American rail- 
road mileage. Hence it is necessary to carry a large 
supply of water in the tender to supply the im- 
mense locomotive boilers of present construction. 
Where 2,000 to 2,500 gallons was formerly consid- 
ered ample, we now find tenders of 5,000 to 7,000 
gallons capacity on fast express and heavy freight 
locomotives. The coal capacity has been increased 
l)roportionately and we no longer find a coal 
space provided for five or six tons, but for 
twelve to fifteen tons. Thus it is that we 
have come to the requirements of carrying a ten- 
der which, loaded, weighs considerably in excess 

*'riie roaiier is referred to ** The Science of Railways** for 
descriptlou and illustratioa of track tanks. 
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of one hundred thousand pounds, all to be supported 
by two bogie trucks, or eight wheels and the same 
number of journals. 

The proper method of packing the driving boxes and 
their cellars is very important, and a matter v/ith which 
every railroad man in the mechanical department 
should be familiar; yet when the exercise of great 
care is enjoined upon those whose duties it is to clean 
off the top of the driving boxes, keep the oil holes open 
and see that the cellars are well packed with clean, 
spongy waste, and similar instructions are given in 
the care of the engine truck cellar, 't ':till remains that 
the proper care and packing of jc urnal boxes on the 
tender and cars of the train is less understood than it 
should be from a scientific standpoint. 

Hence it is believed that the careful discussion of 
this subject will be not only interesting, but exceed- 
ingly instructive, to every practical railroad man. 

THE PROPER CARE OF PACKING IN JOURNAL 

BOXES.— ITS IMPORTANT RELATION 

TO SUCCESSFUL LUBRICATION.* 

"An attempt to curtail the proper care of journal 
boxes at once affects the service and its successful 
and thoroughly safe operation, the effects of which 
extend from the president down through the entire 
management until it reaches the men assigned the 
duty of the care of packing and oihng the journal 
boxes. It would, therefore, be a reasonable claim 
that this branch of the work on railroads is one of the 
most important, if not the most important, as a car 

* From a paper presented before the Central Railway Club. 
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or locomotive can be run that has not been thoroughly 
cleaned or repainted or varnished, but it cannot be 
run with a hot Journal, which may be due in a great 
measure to the neglect in this branch of the work. 

"Too much importance cannot be attached to this 
branch of railway work, in having systematic meth- 




Golvaniied Iron 1 



: of Various HeOroda of 



ods and intelligent and reliable men to perform this 
service. To accomplish these ends it would appear 
as a wise and up-to-date policy to make a specialty of 
following up all the details of this work, as well as the 
care in the selection of intelligent men, as in all 
branches of the mechanical sphere the most successful 
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are those that make a specialty of some one of the 
several branches. 

"In this connection, it would seem proper to refer to 
the volume of the work in the care of packing in jour- 
nal boxes. When we refer to recent statistics which 
show that the number of cars in the United States at 
the present time has reached 1,300,000, making 
10,400,000 journal boxes to maintain, a general idea 
of the magnitude of this work can possibly be realized, 
and in view of this the officers of the railways who can 
give more than passing attention to this branch of 
the service by fully providing the best known facil- 
ities for the work, and rendering such assistance to 
the men responsible in this department, will, it is 
certain, find it greatly to the interests of the railway 
with which they are connected.. 

"As a better means of interesting the men directly 
engaged in the care of packing and oiling cars and 
locomotives, especially at terminals, yards and 
engine houses, where opportunity is given to give 
special attention to the packing prior to oiling, I 
desire to call attention to a model journal box which 
is shown here (see Fig. 1), the special object of which 
is to educate the men up to the most efficient means 
of thoroughly maintaining the packing in boxes, 
which is of greater importance than the mere adding 
of oil to the box without regard to the condition of 
the packing. The principle of the box is such as to 
enable the men to make a practical demonstration 
of the exact effect of their method of stirring up the 
packing in a box, and if their methods are in any 
respect deficient, they may also observe the effects of 
a proper treatment of the packifig, especially on the 



LOCOMOTIVE APPLIANCES. 



sides and rear of box, which portions are quite com- 
monly noglected, and by thus practically demon- 
stratinj; the bad and fjood effects with suitable pack- 
ing tools, the inlercst of the average man may be 
awakened and the effects of his work greatly im- 




prove 



Fg.3. 

Rhowiiic Rut CnniUtiun of Patklng at Back End. 

I. ICffnrts in Ihis or some direction of this kind 
icccssiiy if we rna.\' hojH' to improve and secure 

more salisfai'lory service, as it is feared that on many 
riKids I 111- dclails of (his work have not been given 
sufliciciil -serious and [MTsoiial nitention. 
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"Fig. 2 illustrates the height of packing in a box 
that has been found to produce the most satisfactory 
results. It will be seen that this illustrates the top 
line of packing to correspond about with the center 
line of the journal, thus leaving the packing entirely 
clear of the lower edges of the brass, which is also a 
desirable condition, and it also shows the packing in 
the front end of the box to be slightly below the open- 
ing in the box, the object being to prevent waste of 
oil out the front of the box; and, further, any addi- 
tional packing in excess of this in the front of the 
box will be practically of no value. 

"Fig. 3 illustrates the shape packing will assume in 
the rear of the box when not properly maintained at 
terminals where opportunity is given for this work. 
From this it will be seen that the packing is not in 
contact with journal at rear end of same; this is 
caused, in some cases, by not packing the back end of 
box firmly enough, and also, more especially, owing 
to improper treatment of the packing on the sides and 
rear portions of box at terminals prior to oiUng, in 
combination, also, in some cases, with a lack of pack- 
ing tools well adapted for accompUshing effective 
results in the least possible time. This condition of 
packing is further shown in the model box, the object 
of which, as previously stated, is to demonstrate 
beyond question the effects of proper and improper 
treatment of the packing, and serve as a better meane 
of interesting and educating the men engaged in this 
work. It will be observed that by the use of glass 
sides in the model box the entire journal is exposed to 
view, and also clearly shows the condition of the 
packing the entire length of the journal and at the 
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back of the box. A more important feature, however, 
is that it clearly shows to the man to be instructed in 
this work the exact effect of his method of stirring up 
the packing prior to oiling. If the practice he has 
followed does not restore the packing on the sides and 
rear of box to proper relation with the journal, this 
will be clearly and positively demonstrated to him, as 
well, also, as the effect of such shght change that ma> 
be necessary in his methods to produce desirable 
results, and effect the most elastic condition of the 
packing, so that the oil in the box may be freely con- 
veyed to the journal. As this is a practical demon- 
stration, I think it will be conceded that it will serve as 
a superior means of interesting the men in their work, 
as compared to verbal or written instructions concern- 
ing the same. If this is the case, it is quite logical 
that the men will become more expert in the perform- 
ance of this work, and better results can be reasonably 
looked for. 

**The necessity for treating the packing in this or a 
similar manner, we think will be quite apparent to 
any one who will make the most casual observations 
of the solid, non-elastic condition the packing 
assumes through a failure to give it proper attention 
at the back end of the box, as previously described; 
and when in this condition it not only fails to convey 
oil to the journal, but actually becomes in time hard- 
ened and glazed, the effect of which is to wipe or 
S(Tap(^ off any oil that may reach the journal from the 
forward part of the box. The lubrication, therefore, is 
so retarded as to, in a short time, result in the heating 
of the journal. At the same time that this condition 
exists in the back of the box, the appearance of the 
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packing near the front of the box may be very good, 
and a man that gave attention to the packing just 
prior to journal heating woukl be under the impression 
that the treatment he gave it was all that possibly 
could be done. It is, therefore, considered that the 
treatment of the pacliing as demonstrated liy the 
model box, and also described, is of much greater 
importance than the mere adding of oil to the box. 

"Fig. ■I iUustrates a journal box having an excessive 
quantity of packing, which Ls not only a wasteful 
practice, resulting in a loss of oil out of the ends of the 




hox, but is also detrimental to goofl results, as by this 
method of so completely filling up the box with pack- 
ing a condition is caused that frequently results in 
threads or small particles of packing becoming 
caught betwwn brass and journal. This occurs by 
violent shocks produced in switching and application 
of brakes wlum t!i(^ relation betwwm brass and jour- 
nal is sunirieutly disturberl lo iH-rmit small piirticlesof 
waste l)cing caught under the edge of brass and 
journal. This is |)articularly Irue when the packing 
is pressed up close around the brass, as in Fig. 4. 
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This is not an infrequent cause of very serious cases 
of hot driving boxes on engines. The effect is that 
the oil is wiped off the journal and the surface thus 
becomes dry, resulting in heating in a comparatively 
few minitues. It is therefore apparent that in stirring 
up packing, the top portion should be entirely below 
the edge of the brass. In stirring up packing as 
described it should be understood clearly that all that 
is required is a sUght loosening up of the top surface of 
the packing on each side of the journal, keeping the 
back of the box well closed up by maintaining pack- 
ing at the proper height. The top layer of packing 
will thus be kept in a light, elastic condition next to 
the journal, which is most desirable in order that the 
oil may be freely conveyed to the journal from the 
more solid portions of packing underneath. A gen- 
eral disturbance of the packing should be avoided, as 
uo good results can be secured by this method. 

"As suitable tools for this work are as 
essential as competent and skillful men, a packing 
tool (see Fig. 5) is here shown, made of steel, that has 
been found well adapted for the work of sUghtly stir- 
ring up packing in journal boxes at terminals where 
time is given for this work. This will apply to both 
passenger and freight cars and locomotive tenders. 
By reason of the custom of some men with other 
forms of packing tools they may not at first appreciate 
the value this form of tool will be to them, but it is 
thought that by some consideration and trial it will 
he found very efficient. Its efficiency depends in a 
great measure in following out the practice of stirring 
up packing as described. For illustration: It will not 
be desirable for the practice of placing it down under 
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the entire bulk of the packing at the sides of the box, 
as some men follow. This practice is questionable 
for the reason that when this is done the entire bulk of 
packing on the side of the box is raised bodily from the 
bottom of the box, and it should be considered care- 
fully, if this is the case, how long it will likely remain 

{^ ' 






Fig. 5. 
Tool for Loosening Up Packing in Journal Boxes. 
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Fig. 6. 
Tool for Packing Journal Boxes in Shops and Shop Yards. 




up ill that condition after the train is in motion, when 
the journal box is subjected to innumerable blows 
from frogs and switches. It is quite logical reasoning 
that it will all settle back in a short time in a non- 
elastic condition. This tool can be known as the 
combination packing tool, as it combines the features 
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of the commonly known packing iron and hook. It 
is, tliercfore, only necessary for the men to carry the 
ont; lool in j^rforming this worlc at terminals, the hook 
side of the tool being necessary to remove particles of 
dry j)acking when found, or, in many cases, surplus 



packing. 





Fia.S 

Shnvins Po.-=it><>n nF PackinjE Tool When Used to Remove Surpliu Faekinc 

"In Fig. rt Ihere is shown a set of packing tools 
intended for use in shops or shop yards, where the 
entire repacking of boxes is done, and wetherefore 
consider this operation entirely distinct from that of 
stirring up packing by inspectors at terminals, and 
consequently a slightly different form of tool for the 
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work will be found desirable, as is the case with the 
great variety of tools required by skilled mechanics in 
their various occupations. As the practice of some is 
to have a hook about eight inches from the handle end 
of the packing tool^ to facilitate the opening and 
closing of box lids, it should, of course, be understood 
that when this feature is a desirable one, it should be 
added to the tool. The "V" shaped end of these tools 
affords a ready and effective means to lightly loosen 
up the top layer of packing, which is the end most 
desired, so that this portion of the packing may be in 
the most elastic condition possible. Figs. 7 and 8 
show the position of packing tool when used as 
described. 

"In this connection it is well to consider the quantity 
of waste and oil in a journal box when pack^ in the 
usual manner. Each box contains from 1% to 2% 
pounds of waste and from 4% to 10 pints of oil, depend- 
ing upon the size of- box, varying from 3% x 7 inches 
up to the 5% X 10 inch box. It will thus be seen and 
appreciated, I believe, that to properly utilize the oil 
that is in the box, the packing next to the journal 
should be maintained in as elastic condition as possi- 
ble. It should be further understood that the oil as it 
passes between the surfaces of the brass and journal 
is not actually consumed, but is deposited to a degree 
again on the opposite side of journal from which it 
ascended for use again an indefinite number of 
times. 

"In numerous tests made by various responsible 
railways a very unusual high mileage has been made 
from the one re-packing of the box or boxes without 
the addition of any oil during the test. In some of 



LOCOMOTIVE APPLIANCES. 303 

these tests the mileage has been from six to twenty 
thousand miles. During the test the packing was 
examined daily and maintained in an elastic condi- 
tion, as previously described, no oil, however, having 
been added during the test. Reference to these tests 
and results is only for the purpose of illustrating the 
possible mileage in the oil contained in a journal box 
when subjected to a special test as referred to, and is 
not for the purpose of conveying the idea that such 
results are obtainable under the average conditions 
and treatment on the best regulated roads, but, 
instead, to indicate under reasonable conditions, 
which are readily obtainable through careful and 
systematic methods, results far superior to what are 
now being obtained under the average practices." 

It should be enjoined upon those whose duty it is to 
inspect and care for journal boxes that in stirring up 
the packing or in pushing the packing down in the 
front of the box, where there is always a tendency for 
it to work out, the top waste (which contains more or 
less sand and dirt) should be crowded first toward the 
front of the box, and then down under the cleaner oily 
waste, which latter will thus be brought up to the 
journal. 

One who has given much time and study to the 
subj(*rt strongly advises the following practice in the 
packing of a journal box on either a car or locomotive 
tender: The first packing put into the box should be 
twistcnl up into a roll and shoved clear to the back of 
the box and up against the axle, thus forming an 
(effective dust guard, as well as a preventive to oil 
running out of the back of the box. Then small 
bunches of waste, that have been saturated in oil for at 
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least twenty-four hours and subsequently drained of 
superfluous oil, should be packed under the journal 
until the box is filled the whole length of the journal. 
Complete the operation as begun by a twisted roll 
having no fibre connection with the other packing, 
placed in the front of the box for the purpose of pre- 
venting the good packing from working out from 
under the journal. 

It is desired, in conclusion, to emphasize the fact 
that the most important part of the work of lubrication 
is the skillful and proper maintenance of the packing 
in the box, so that the most elastic condition may 
be secured and maintained. 



JOURNAL BOX DUST GUARDS. 

In order to retain tlie oil in the journal box and at 
ihc same time exclude the dust, sand and dirt it has 
long been customary to employ some form of wooden 
or metal dust guard, the former being frequently faced 
with i>lush or felt. Many improvements upon this 
oklcT form of solid board guard have been devised, one 
of the best known being here illustrated. 

HARRISON DUST GUARD. 

The Harrison dust guard is constructed from hard 
wood, well oiled, and made in two sections. Through 
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each of these sections there is formed aa orifice 
adapted to receive bolts. In the upper section of the 
80 on) 
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top part the orifices are enlarged in order to receive 
springs. Said springs are compressed with jammed 
hexagon nuts whereby the sections are held yield- 
ingly together, constantly encircling the car axle 
journal at all times, and in both of the sections 
there is three-sixteenths of an inch taken out of the 
center, thereby allowing three-eighths of an inch 
wear before sections are closed together. 

In each of the sections there is formed a groove 
three-eighths of an inch wide and three-sixteenths of 
an inch deep. Into this groove there is inserted 
packing strips. The packing strip in the upper sec- 
tion is sufficiently shortened to allow the packing 
strip in the lower section to telescope into groove in 
the upper section, thereby closing the jointt^ between 
the two sections, not only making this guard dust 
proof, but, as the packing is cut out of heavy belting 
leather, insuring great service owing to the fact that 
under tests of upwards of fifty-five thousand miles 
no indication of wear was observable. 



THE LOCOMOTIVE BELL RINGER. 

On locomotives traversing thickly settled portions 
of the country, and those engaged in suburban and 
switching service, running long distances within the 
limits of cities, mechanical bell ringers are no longer a 
novel luxury— they are a judicious investment of cap- 
ital. Railways using them extensively or adopting 
tluMn as a standard for all locomotives would as soon 
think of discarding the injector and going back to the 
old feed pump as they would of doing away with the 
bell ringer. 

The duties of a locomotive fireman, who used to ring 
the b(^ll, have increased with the increased size and 
spcvd of locomotives and the rules governing the 
avoidance of black smoke, because of its being classed 
as a nuisance about cities, if for no more economical 
reasons. A man furnishing coal to a ten-foot firebox 
(levelo|)ing from five hundred to fifteen hundred horse- 
power, has little time to do much else when the loco- 
motive is in motion — the time when it is necessary to 
ring the bell. 

THE GOLLMAR BELL RINGER. 

This bell riwger is preferal)ly so arranged as to 
automatically start the bell ringing whenever the 
locomotive* whistle is sounded. This arrangement is 
rl(Nirl y shown in Fig. 1 . Thus connected, it is claimed 
to afford \aluable evidence in case, of grade-crossing 
accidents. A small chain connected to the whistle 
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ri^i^ automatically 
opens a small valve in 
the cab, which valve 
admits steam or air 
pressure to the bell 
ringer. This cab- 
operating valve is close 
to the engineer's hand, 
and may readily be 
opened without pulling 
the whistle cord. 

While steam pressure 
may be used to operate 
this and other bell 
ringers, air pressure is 
much preferable, espec- 
ially in cold climates. 

The construction and 
its action arc as follows, 
as may be seen by ref- 
erence to Fig. 3: There 
are two openings near 
the bottom for pipes; the 
upper one is the inlet, 
the lower is the exhaust. 
Pressure is admitted 
through the upper 
opening, opiK)site an 
annular groove in valve 
18, through which four 
holes arc drilled, admit- 
ting the pressure under 
the single acting piston 
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10 ; this causes piston 10 to rise, forcing the bell 
to Hwiiit:^. Piston 10 has a stroke of one and one- 
fourth inches when at its extreme travel; crank 2 
has a stroke of four inches. The connecting rod is in 
two sections, 6 and 7 , which allows the crank 2 to 
make a complete revolution without causing piston 10 
to move. When, the ringer is startal to work the 
piston 10 will be driven ujjward, causing the bell to 




swing, and valve stem 17 will raise valve 18, closing 
itdci ])ort, and use pressure expansively by traveling 
ihe length of [he lap before the lower edge of valve 18 
will o|M'n theexhaust j)ort. The bell, having received 
an iinpul.sc, will continueits motion after the piston 10 
has reached llie upper end of its stroke, the crank box 
(i sliding on rod 7. The impetus which the bell 
receix es iieing expended, it will fall; the set bolt 4 will 
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strike the end of rod 7, and piston 10 will be forced 
downward (being open to the exhaust below), coming 
in direct contact with valve 18 , thereby closing 
exhaust port and openinj^ inlet port after cushioning 
on the pressure remaining under piston 10 subsequent 
to the closing of the exhaust on 
account of the exhaust port being 
jjlaced slightly above the bottom of 
the cylinder. It will be seen that 
valve 18 is only operated at the 
terminations of the piston 10 stroke. 
Packing rings 15 on the piston and 
on the main valve arc packing rings 
standard to the Westinghouse eight- 
inch air pump, reversing valve. As 
the rings are kept in stock by all rail- 
roads using air-l»rakes, no extra sup- 
ply need be carried by them. 
, The bell ringer can be easily ad- 
justed to use pressure in proportion 
to the power required. This is ac- 
complished by means of valve stem 
17, which is secured in its adjusted 
pasition by jamb nut 16. No change 
in length of connecting rod is re- 
Pia a quired in making this adjustment. 

°^s^"w'«iwj'^' These bell ringers have been used 
successfully when cutting off pressure after the 
piston has movf^l but three-eighths of an inch of 
its stroke. This arrangement makes it so economical 
in iis(^ of pn\s.sure tliat air is always used in preference 
to steam, and it has never caused any trouble with 
train brakes. 
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This little machine has no outward moving parts 
except the rod. Its valve is attached to the piston. 

THE SANSOM BELL RINGER. 
The Sansom bell ringer is operated by the admis- 
sion of compressed air pressure under the piston, 
which forces piston upward and carries a connecting 
rod attached to a crank on the bell shaft, as shown in 
Fig. 1. When an arm, extending on the left of the 




The Sansiiin Bell Ringer. 

njston, has traveled to the upper sei of lock nuts on 
reversing rod, the admission fwrt begins to close 
and llic exhaust port to opren, thus allowing the air 
to esra|x> from the cylinder and the weight of bell to 
forix! piston to bottom of cylinder. 

When the arm on the left has traveled to the lower 
set of lock nuts, the exhaust port begins to close and 
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FIG. 2. 

The Sansum Bell Ringer, Showing iDVernnl Mecbanlsn. 
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the admission port to open, thus again forcing the 
piston upwards, as before described. Fig. 2 is a 
transparent view of the bell ringer, showing the 
working of the valve within. 

The variation in the stroke of the ringer is made by 
adjusting lock nuts on reversing rod. To increase ' 
the llirow of tell, raise the upper set of lock nuts; to 
decrease throw, lower them. 

THE CHICAGO LOCOMOTIVE BELL RINGEa 

The Chicago Locomotive Bell Ringer, as shown in 

Fig. 1, is so nearly similar in operation that the 




engraving sufliccs for an explanation after the prin- 
ciples of the foregoing devices have been described. 



AUTOMATIC STEAM BLOWERS. 



THE HUFF AUTOMATIC STEAM BLOWER. 

This automatic steam blower is a simple and novel 
device inserted in the blower pipe immediately over 
the steam chest, and auxiliary to the regular blower 
valve in the cab. By its use the blower automatically 
goes to work whenever the throttle is closed, and 
automatically ceases blowing whenever the throttle is 
opened, the force of the blower blast being regulated 
by the blower valve in the cab. 



Sftmrntlalm' 







Fig. 1. 
Huff Automatic Steam Blower. 



It is well l^nown that the proper and regular use of 
the present hand blower for the purpose of preventing 
the smoke and gases traiUng back over the train arid 
coming out inio the cab when the engine is shut off 
requires much care and attention on the part of the 
fireman, and that it is seldom accomplished in 
practice. 
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The location and connections of this device are 
sliown by Fig. 1. It will be noticed tiiat it can be 
easily and quickly installed. The arrangement and 
working of the internal parts are shown by Fig. 2, and 
the external appearance of the complete device, ready 
for installation, is shown by 
Fig. 3. 

To insUiU this device, a piece 
of the blower pipe about four 
inches long is cut out at a 
fwint directly over the steam 
chest; the ends of the two re- 
maining parts are threaded, 
the device inserted, and a one- 
inch pipe connection made 
between the bottom of the cyl- 
inder A A (at the point N, 
Fig. 2) and the top of the 
steam chest. 

It is assumed that the blower 
valve in the cab is always kept 
open to some extent; under 
these circumstances, steam at 
full boiler pressure always fills 
the blower pi[)e from the cab 
lUiwn to tlic valve /''. When 
llic tliroltio is 0])ened, the 
sti'am in the slcam chest (see 
jiarl numbered '14, plate "The 
ArrK-ricari Steam Locomotive") exerts an upward pres- 
sure on the piston EH; the area of the piston EE being 
mil ell greater than the area of the valve F, the excess of 
upward pressure on the piston E E over the down- 




Fia. 2. 

Hii9 AuUmiAtic Steam Blower. 

(Sectional View.) 
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ward pressure on the valve F results in the seatii^ of 
the valve F, so that as long as tliese conditions con- 
tinue the blower cannot blow. When the throttle is 
closed the boiler j^essure acting downward on the 
small area of the valve F is nevertheless greater than 
the atmospheric i)ressurc (in the steam chest) acting 
upward on the piston I£ E, and the valve /■' is, there- 
fore, forced down from its seat M (be- 
ing (;usluoned by the spring G), and 
the blower goes to work automat- 
ically. 

In the rare emergency of wishing 
to keep the blower at work when the 
engine is using steam it is only nec- 
essary to open the screw valve J 
and i)lug the exhaust oi)ening ./, 
under which circumstances the piston 
F F will be in equilibrium with the 
same stejim ])n!ssure above and below 
it, and the boi ler pressure in the blow- 
er pipe will open the valve F, and the 
blower will go to work and remain at 
work (whether the throttle is open or 
shut) as long as the blower valve in 
the cab is left oi)en. 
This automatic steam blower thus jirovidcs a means 
by which the judicious and economical use of the old 
blower valve may l)e acconTiilished— the smoke and 
gases from a jMisscngcr engine may be largely pre- 
vented from trailing over the train when the engine is 
shut off — thus' greatly iiicri-asing the comfort of 
passengers, and larticularly those who use trains 
which are running in local and suburban service. 




HuffAut-ims 
Bluwer. 
(EsWrnal View. 
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The crews of all 
engines, wheth- 
er passenger, 
freight or shift- 
ing, may be re- 
Ueved of the an- 
no\ing and 
harmful effects of 
smolie and gases 
coming into the 
cab when engines 
are shut off; this 
is ^"ery annoying 
even when coal is 
used asafuel, but 
almost intoler- 
able when coke is 
used; besides 
this, it seems to 
be necessary to 
make some pro- 
vision for Ueei)- 
ing a coke fire 
bright when the 
engine is not 
working, and this 
device provides a 
|)Ositive and auto- 
malic means of 
arcomplishing 
this. Finally, 
the automatic 
action of this 




818 LOCOMOTIVE APPLIANCES. 

device would relieve the fireman of much of the work 
of "hooking'' or stirring up the fire. 

Fig. 4 shows the application of this and other loco- 
motive attachments by the same manufacturer. 

CHICAGO & NORTH-WESTERN R»Y BLOWER VALVE. 

The automatic blower valve used by the Chicago 
& Northwestern Railway on suburban locomotives 
to prevent black smoke is a valve operated by com- 
pressed air, which is admitted mechanically by the 
opening and closing of the locomotive throttle in 
the cab. 

Fig. 5 shows a view of the boiler head with the 
arrangement of the device employed for this purpose. 
The air controlling valve with connections to the 

Mir CtntrglUiif 
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Fig. 5. 
C. & N-W. R*y Automatic Blower Valve. 

auxiUary reservoir of the driver brake and to the 
automatic blower valve is shown located just back of 
the throttle lever. When the throttle is closed all 
communication between the two is closed, but when 
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the throttle is opened the air pressure automatically 
unseats the small controlling valve and passes to the 
blower valve where it acts upon a piston, closing off 
the steam from the blower pipe in the smoke box. In 
case it is not desired to have the blower work when the 
locomotive is standing, the usual blower valve is 
closed. It is by the amount of opening given this 
latter valve that the severity of the automatic blower 
is regulated. 



VARIABLE EXHAUST NOZZLES. 

The history of expanding exhaust nozzles is nearly 
as old as the locomotive itself. Ever since the loco- 
motive was first constructed there has been a feeling 
among practical men that there should be some 
means of controlling the exhaust opening to a certain 
degree in accordance with the amount of steam being 
used in the cylinders. Experience has shown that 
when a stationary nozzle is used the various condi- 
tions under which a locomotive is worked produce, at 
times, wasteful results in fuel economy, and under 
many conditions the contracted opening of the nozzle 
gives too great a back ])ressure in the cylinder, thus 
decreasing the s})eed and efficiency of the locomotive. 

The stationary nozzle must be made small enough 
to get the desired draft on the fire when the engine is 
working the least practical amount of steam in the 
cylinders, and when it becomes necessary to "drop the 
lever" and work more steam in the cylinders the 
increased velocity of the exhaust through a restricted 
opening of the nozzle tears the fire on the grates, thus 
rushing the gases and finer coal unconsumed through 
the flues and causing wasteful results. The holes 
torn in the fire also admit cold air through the grates, 
cooling the flues and lire-box suddenly, and causing 
them to leak.. There is no doubt but what many 
engine failures due to leaky flues may be attributed to 
this cause. 

To overcome these difficulties many forms of 

(320) 
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expanding nozzles have been devised, most of them, 
ho\ve\er, being designed to be optiralcd manually by 
the engineer, but the neglect of the latter to properly 
and constantly use them caused them to quickly 
become inoperative by corrosion and gumming up 
due to the heat and gases of the front end. 

WALLACE & KELLOGG'S VARIABLE EXHAUST 
NOZZLE. 

The automatic variable exhaust nozzle here shown 
has been in use for several years, and is claimed to 
have overcome by its automatic action many ol the 




Wallace & KellogE's Automalic Variable Exhaust Noiils. 

serious objcn^tiotis to former devit^s. The movable 
wings are ronru'ctwl to a roUiting aim, which in turn 
is coiiiifcttHl to a shaft extending through the smoke- 
box. To (Ills latter shaft, by means of a crank / and 
jidjusUiblc^ rod X connection is made with the reverse 
lever or lifting arm 1. Therefore the operating of 
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the nozzle is automatically adjusted to correspond 
with the amount of steam that is being used in the 
cylinders at all times. When the reverse lever is 
hooked up toward the center of the quadrant the nozzle 
is the smallest. When the lever is in either forward or 
back extreme position of the quadrant the nozzle is 
the largest. 

The adjustment of the nozzle may be altered in a 
moment's time by simply moving the front end of the 
connecting rod 2 up or down on the crank 7, thereby 
giving it correspondingly less or increased travel, as 
desired. 

On account of the frequent changes of the reverse 
lever this nozzle, it is claimed, cannot become gummed 
or corroded so as to render it inoperative. 

THE HUFF AUXILIARY VARIABLE EXHAUST. 

The exhaust nozzles of locomotives arc made small 
enough in diameter to give sufficient blast to stimulate 
the fire and generate the necessary amount of steam 
when the valves are cutting off short and the steam is 
being used expansively; this results in the blast being 
too strong at certain other times, when the valves are 
cutting off later, and the terminal pressure is higher; 
this excess force of blast is detrimental in two ways: 
first, by increasing the back j)ressure in the cylinders; 
second, by tearing the fire and causing excessive coal 
consumption. The Huff automatic variable exhaust 
l)rovides a means by which these objections are 
overcome. 

In apj)lying the device to a locomotive the exhaust 
passages are tapped at convenient points between the 
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cylinders and iho smoke-box and pipes led back 
throuf^h the saddle; these pipes (which should be at 
least two inches in diameter and larger, if possible) 
are connected with a reservoir or drum located imme- 
diately liack of the saddle, as shown in Fig. 4; this 
drum is jirovided with a vent and valve, which prefer- 
ably should b(! operated by a connection from the lift 
shaft, so that the vent opening will be greater when 
the re\'erse lever is at either end of the quadrant, and 




less when the reverse lever is in mid-gear. The 
escajjing steam from the vent may be piped to any 
nmveiik'iil discharge jioint, as, for instance, up the 
back of iIk' slack/ 

The applicaiion of the apparatus to a locomotive, 
and till' relative arrangement of Ihe parts, is shown by 
I'igs. 1, 'I, .'tandl. Figs. 1, 2 and 3 show the applica- 
tion to a locomoiive fitted with double exhaust nozzle 
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while Fig. 4 shows a possible alternative application 
to a locomotive fitted with a single exhaust nozzle; in 
the former case, however, two small drums were used 
instead of one large drum, owing to the fact that the 
intervening space was already occupied by the main 
reservoir of the air brake system. The arrangement 
of parts for the double exhaust locomotive (Figs. 1, 2 
and 3) is as follows: 

The openings in the top of the cyUnder saddles, 
marked e e, Fig. 2, are the points where the exhaust 




base and nozzles are attached; c c are the pipes which 
are tapped into the exhaust; d is a cross-pipe connect- 
ing the two; b b are the drums; i i are gate valves 
insertt^l into the pipes c c back of the cross-pipe d. The 
mechanism for operating the gate valves from the hft 
shaft in this case involves the use of special sHdes 
working in guide l)ascs which are attached to the 
frames, the slides being made with inclined slots 
which engage rollers attached to the vertical stems of 
the gate vah ea. As the slides have a hoiizoata/ 
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motion, imparled by connections from the lift shaft, 
the gate valves have their maximum opening when 
the reverse lever is in cither extreme position, and 
their minimum opening when the reverse lever is in 
mid-gear. The several parts comprised in this mech- 
anism for working the gate valves from the lift shaft 
are shown in Fig. 1 and marked /, g, h, Z, 3, 4, 5, 6, 
7, 8 and 9. An auxiliar>- apparatus is also provided, 




by which the gate valves may be operated from the 
rah independently of their control by the reverse 
lever when the engine is cut back. The parts of this 
iuixiliarv ajiparalus are shown in Fig. 3, and marked 
11, VZ, i;{, 1 1,15. 

Il has l)eeti slaled that the drum or drums should be 
titled Willi a vent and valve to control the discharge of 
.sur|)lus steam to the atmosphere; in the particular 
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application shown by Figs. I, 2 and 3 this vent and 
valve were located on the lower side of one of the 
drums (which was the only available point) and the 
valve w^as adjustable by hand only; the lift shaft con- 
nection was, therefore, made with the gate valves i i 
instead. 




FiQ. 4. 
Huff Automatic Variable Exhaust. 
(View from Under Side of Locomotive.) 

Service trials of the Huff variable auxiliary exhaust 
on a double exhaust locomotive have shown a coal 
saving of about sixteen per cent, on the ton mile basis. 
It is probable that this result was attributable to two 
influences: first, a portion of each exhaust was 
by-passed around to the other side and discharged 
into the stack through the nozzle which was not in 
action at that time, thus both relieving the back 
pressure and making the exhaust into the stack more 
regular and uniform than it otherwise would have 
been; second, by venting to the atmosphere through 
the vent on the under side of the drum any excess of 
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Steam over and above what was necessary to develop 
suflicient blast under the particular drciunstances 
and conditions then existing. 

THE WALLACE & KELLOGG AIR-PUMP EXHAUST 
FEED-WATER HEATER AND CYUNDER LUBRI- 
CATOR. 

The construction of this appliance is as follows: 
A three-way cock is used in connection with exhaust 
port of air pump. It is placed near the air pump. 
Attached to this cock is a lever that extends 
into the cab and is operated by the engineer. Also 
two exhaust pipes are connected to this cock, one 
extending over cab and exhausting directly into the 
feed water in the tender, the other pipe extending to 
the smoke box and live steam ports or steam chests. 
The branch pipes to the steam ports are provided with 
check valves. A check valve is also placed in the 
pi{)e k^adinpj to the smoke box. 

The three-way valve is for the purpose of conduct- 
ing exhaust steam into the feed water or otherwise at , 
the will of the engineer. When opened in opposite 
direction, and the engine is working steam, the 
exhaust is conducted to the stack, but when the 
engine is shut off, the exhaust is admitted to the two 
steam chests and cylinders by the automatic opening 
of th(» (checks in the two branch pipes. The check in 
the i)i|)e leading to the stack prevents smoke and 
cinders from l)eing drawn into the cylinders when the 
engine is drifting. 

The live steam ports are provided with automatic 
drip valves situated at the lowest point in (^lioder 
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saddles for the purpose 
of draining mndensa- 
tion when the engine 
IS at rest. 

The small sectional 
ruts shown above the 
locomotive tender in 
the accompanying en- 
grdvmg clearly illus- 
trati the details of the 
check valves, drip 
\al\es, etc., and their 
location. 

Among the many 
advantages claimed 
for this device are the 
following: 

It IS noiseless. This 
a\oids the frightening 
of teams or the annoy- 
ance to passengers 
around stations. It 
docs not create a draft 
on the fire when the 
engine is at rest, as 
does the old method. 

This advantage re- 
sults in the saving of 
fuel. It acts as a lubri- 
cator to the valves and 
cylinders when the en- 
gine is not working 
steam. The exhaust 
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steam from air pump circulates through the steam 
chests and cylinders, keeping them at a uniform 
temperature, not allowing them to chill in cold 
weather when engine is at rest, or overheating or 
cutting of cylinders while drifting down grade 
due to the friction of the piston traveling to and 
fro. The relief valves on the steam chests can be 
dispensed with, as the air pump (exhausting into 
same performs their functions to a large d^ee. 
There is a large saving of fuel effected by the heating 
feed water to as high a temperature as injectors will 
work. This also makes a better steaming engine. 
It also reduces wear on valves, valve seats, cylinders, 
etc., to a minimum by perfect lubrication. It is 
beneficial to the working of the air pump, as there ig a 
partial vacuum formed in the exhaust pipe from the 
pump to the live steam ports when the engine is 
drifting shut off, as on heavy grades when the air 
pump is working the hardest. The water in the tank 
being warmer than the atmosphere, the tank never 
sweats, thus preserving the life of the paint on the 
tank and keeping it bright and fresh. The device is 
simple, cheap in its construction and is claimed to 
effect a saving of fifty per cent, in cyUnder oil and 
two per cent, in fuel. 



BOILER CLEANERS. 

It has been said that the saving to be effected in power 
generations to-day consists more in the overcoming of 
simple practical difficulties in the use of that which 
we already have than in any revolutionary invention. 
The man who could supply a simple, inexpensive 
means of furnishing steam boilers with pure water, 
which, when evaporated, would leave nothing behind 
it, would do more to decrease the average cost of power 
production than the man who develops the compound 
engine. Such a process would have to be so cheap in 
first cost as to warrant its use in comi)aratively small 
plants, and so simple as to require attendance of no 
higher order than that found about the ordinary 
boiler plant. 

THE MCINTOSH PNEUMATIC BLOW-OFF COCK. 

It is now generally conceded that when the water 
used for locomotives is bad alid cannot be purified 
before entering the boiler the best way to dispose of 
the impurities is to kec^p them loosened uj) with soda- 
ash or some othiT kind of boiler i)urge, and remove 
them by washing out or blowing off the water from the 
boiler before* they have opportunity to incrust upon the 
flues or sheets. 

The fre(iuent washing out of boilers has two disad- 
vantages: first, it consumes considiTable time, which 
maj' seriously interfere with transportation iii busy 
times; and, second, bad results follow the frequent 

(330) 
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cooling down and reheating of boilers, causing undue 
expansion and contraction, with the accompdnyii^ 
cracking of sheets and leaking of flues 

The more frequent and thoroughly the water in a 
boiler is blown out, the longer can be the interval 
between washings-out To accomplish this, it is 
desirable to have several cocks easy of mampnlation 
in the lowest parts of the boiler for getting rid of the 
heavier impurities, and 
a surface cock for re- 
moving from the sur 
face of the water any 
light animal or v^e- 
table matter that would 
tend to cause foaming or 
the water raising in the 
Ijoiler. To accomphsh 
this many styles of blow- 
olT cocks have been used 
One device, quite gen- 
eral in its use, is the 
Mcintosh pneumatic 
blow-off cock. 

Kig. 1 shows a side 
and sectional view of 
this co<rk, which will be seen to consist of two chedc 
valves [A within the shell of the boiler and B without), 
and a i)iston operated upon by air and released by a 
spring. Fig. 2 gives a view of the boiler head in the 
cab of a locomotive, indicating the air piping and oper- 
iiiing valves, with largedetail of the latter. When air 
or steam (preferably air) from a small valve in the cab 
(see Fig. 2) is admitted to the outward or top side of the 
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l)iston, as il apitears in the engraving, Fig. I, it acts 
against ihe |)iKlon, which shoves both check valves 
oiien and holds them oi)cn against the pressure in the 




IhhUt 



rntinR Valve ArronEcinciil, Mclntwh Blow-Off Cosk. 

.„-.„ >..(oiint of the area of the piston being the 

greater. Wlieii the air is exhausted from the piston 
the boiler pressure, aided by the spring, causes the 
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piston to assume its normal position as shown in the 
engraving. 

Each blow-off cock has a discharge pipe leacting 
either to the side of the locomotive or toward the back, 
in order to blow the impurities away from the machin- 
ery and boiler itself. 

Should there be no air pressure on hand with which 
to operate the pneumatic cocks on an engine, the cock 
may be opened by screwing down (or in) on the outer 
handle C, which acts the same as the pressure on the 
piston, namely, forces the valves in and opens thenu 
On the contrary, although both the check valves 
require to be held open before any discharge or leak- 
age can occur, should dirt or grit get into the cylinder 
portion in which the piston works, or should no oiling 
be given the piston for a long time, the' latter might 
stick in open position, in which case the handle of the 
screw should be turned back, thereby permitting the 
check valves to reseat themselves. 

Should scale hold either or both check valves from 
their seats, it is generally advisable to open the valves 
wide several times and let them close suddenly. This 
will usually crush the hardest scale. 

When locomotives are supplied, as shown in Fig. 3, 
with both surface and lower blow-off cocks, it is con- 
sidered the best practice, to use the surface cock A 
when the locomotive is working hard and the water is 
in a state of violent ebulUtion, carrying the impurities 
to the surface. At terminals, and if the boiler is foul 
occasionally on the road after steam has beenshut off 
long enough for the sediment to settle, the lower blow- 
off cocks should be opened while both injectors axe 
working and two or tluree gauges of water blown out 
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While there is no i)a,ckin{i of any kind about this 
cock, to kcc]) it in perfect order the caj) of the air cylin- 
der should be removed about once a month and the 




(^.\linder wipwl out and oiled. By leaving a plug in 
some con\"C[iient tee of the air pijHi in the cab oil may 
bo injected therein more often if desirable. 
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Fig. 2 shows a convenient cab arrangement for 
three blow-off cocks on a locomotive. As shown, the 
air is taken from the main reservoir connection of the 
engineer's brake valve, and each operating valve 
consists of a one-half inch air stop cock with a small 
hole drilled through one side to fohn a three-way cock 
for exhausting the air from the cyUnder of the blow- 
off cock after the cab operating valve is closed. 

Should it require considerable supply of air to 
operate any one of the blow-off cocks, it will be found 
that there is a leak in the air pipe between the cab 
operating valve and the blow-off cock, or a bad leak 
by the packing ring of the latter. Its correction is 
obvious. 

A boiler equipped as shown in Fig. 3 may be kept 
clean by frequently blowing out; it will develop fewer 
cracked firebox sheets and leaky flues, and will 
require washing out less often. The engine will work 
dryer steam and carry less scale and dirt through the 
valves and cylinders, thus requiring less cylinder oil 
and producing less wear to the valve motion; it will 
use less water, make more ton-miles than a locomotive 
not so equipped, and the loss of water and heat 
occasioned by blowing out will be compensated for 
several times over. 

THE HORNISH MECHANICAL BOILER CLEANER. 

This cleaner is in two parts, all inside the boiler, 
except the air valve and the blow-off pipe and cocks. 
One i)art is in the forward end of the boiler and reaches 
from side to side, using the front head as a back to 
which it is riveted. It extends under the dry pipe*, 

* Sec part numbered 191, plate "The America Steam Looon^ 
tive, " in " The Science of Railways. " 
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and is also riveted to the sides of the boiler, as shown 
in Figs. 1 and 2. 
The space between the flues and the dry pipe is used 




for the skimmer, see Fig. 2. It makes a perfect sur- 
face skimmer the full width of the boiler, and, at the - 
same time, forms a basin holding from twenty to 
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thirty Rallons. This makes a large storage capacity 
in which to collect and settle all the impurities that the 
skimmer takes from the surface. The basin holds the 
skimmings and settlings which can be blown off at the 
will of the engineer. The impurities are carried to 
the skimmer by the natural circulation in the boiler. 
The fluctuations of the water Une do not affect the 
proper working of this device. 

Within the skinmier is an arrangement for blowing 
off what solid matter it catches, thus practically pre- 
venting any waste of water when the skinmier is 
blown off, and between these times it is claimed that 
there is a continuous automatic drawing off. 

The other part is in the leg of the boiler, as shown in 
Fig. 1, and cannot be put in except when the boiler is 
^ first built, or when a new fire box is put in. It is the 
same kind of a device that empties the skinmier as 
just described. It sits on top of the mud ring, the 
"suckers," which are raised one inch above the mud 
ring by legs on the draw-off head, facing down. The 
openings of all the suckers are the same size, but their 
small ends vary in size. If they were all the same 
size, the oi)enings nearest the center would pass all the 
sediment, and those further along the head would not 
pass their share. (This is due to the fact that all 
liquids under pressure will seek the nearest outlet 
first.) To overcome this, the small end of the sucker 
ncarast the opening in the center of the draw-off head 
is made the smallest, and the size of the others 
increases with the distance from the center. The 
matter surrounding this i3 always water soaked, a,nd 
is a soft slush, which is easily removed by the pressure 
in the boiler. 

22 
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As the impurities are over and around the draw-off 
head in front of the water and steam, the pressure in 
the boiler pushes them out through the suckers into 
the blow-off pipe before any water or steam can pass 
through. Thereisnowasteofwater, as the blowing off 
is sto])ped as soon as the water shows clear. This is 
what reduces the waste of water to a minimum. The 
draw-off head here shown is a great improvement over 
the old head formerly used; even if they should stop 
up from neglect, they can be cleaned from the outside 




HomLsh Mechanical Boiler Cleaner. 
(Sectional View Throuxli Front of Boiler. 

by forcing water through them. They cannot scale 
ui>, sina- there is no h(>at next to them from the fire 
l)ox. Eacli part of the cleaner is a companion to the 
other, and what one leaves undone the other does. 
The two must be used together to obtain perfect 
results. 

When the water is boiling the impurities come to the 
surface in a boiler the same as in an open vessel. The 
proper circulation in a locomotive boiler is down to the 
belly of the boiler after water leaves the check, then 
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down the forward leg aloi^ the side and up the hack 
leg over the crown sheet, and forward over the top of 
the flues, striking the front head of the hoiler, from 
which point it starts to repeat the same course over 
again. It is here at ihe front end of the boiler and at 
the surface that the skimmer intercepts the impurities, 
settling and removing them hefore they have time to 
touch the hot flues or hot sheets. This not only 
prevents foaming, but leaves nothing in the boiler to 
make scale and lessens 
the accumulation in the 
leg of the boiler. 

Nothing but water 
will make steam, so keep TST'^ 
grea.sc and compounds 
out of the l)oilcr. Heat 
is the best agency 
known for separating 
solid matter from water. 
A Imiler is the best con- 
trivance yet devised by 
man for heating water; 
Jismostofthesolid matter 
contained in the feed water comes to the surface when 
steam is up, that is the best place to remove it. It is 
claimral that the surface skimmer does this hefore it 
starts to make the second round with the circulation, 
and what little is left goes to the 1^ of the boiler and 
is removed by the mud rii^ device; this prevents , 
foiiming, reduces the number of washings out, prfr 
vents incrustation and corrosion, and is claimied to 
tia\'e \wvn found more practical than purifyiDg the 
water hefore enterir^ the boiler. 




Fio. 3. 

HoniiBh Heabanical Btnler Cleum. 

(Beotioa Throuch Hod RloaJ 
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It is the soft matter in the boiler that is dangerous; 
'le removing of that part removes the danger. 

This device does not interfere in the least in clean- 
ing out the old way, or in the use of compounds. If 
scale should form from neglecting to use the cleaner, 
or any other cause, compounds can be used, and what 
they dissolve and throw down the cleaner will remove 
at the surface and at the leg. As both cleaners are 
blown off before entering the round house, there is 
little or nothing left in the water, and what there is it 
catches while the engine is idle, to be blown out again 
as soon as it leaves the roundhouse. This makes a 
clean boiler at all times. 

If boilers are allowed to become cold before remov- 
ing the water, very little scale will form on the flues 
and sheets. It is removing the water for washing out 
while hot, to save time, that causes them to scale so 
fast and also makes them leak. 

As foaming is eliminated, no solid matter goes over 
with the steam to cut the valves, valve seats, valve 
stems or packing. The cylinders, too, are kept 
smooth, and when free from grit their wearing surface 
soon acquires a gloss that insures easy working and 
long wear, together with a minimum use of oil. This 
is of great value for balanced valves, which are now 
coming into use with high pressure. 

It is the effective heating surface that counts, and 
not the large amount. The more rapid the circulation 
is the more times it will pass over the heated surface in 
a given time, and a smaller heating surface with a 
rapid circulation is better than a larger heating sur- 
face with a more sluggish movement of the water. 
The thinner the Uquid is the more rapidly it will circu- 
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late, and as it becomes thicker its movements will 
become slower. It is the impurities left in the boiler 
instead of being removed that causes the water to 
thus thicken. 

Directions for its use upon locomotives. — Use surface 
blow-off after leaving and before entering roundhouse 
at (^ach end of the division, also once or twice between 
t(Trninals on each trip, blowing from one to one and a 
half minute each time. The best time to blow off the 
surface cleaner is when the engine is doing the hardest 
work. Should boiler foam from any cause, use sur- 
face blow-off for instant relief. The mud ring device 
is us(*d only at each end of terminals, just before and 
after leaving the roundhouse. 

CLIMAX BLOW-OFF COCK. 

To Open the Bloiv-Off Cock, — When a three-way 
cock in the cab is turned, air or steam (the former is 
more desirable, especially in cold climates) is admitted 
through a pipe at port C to the upper side of piston P. 
As th(^ upper side of piston P is more than twice as 
large* as th(* bottom end of valve V^, which is exposed 
to l)oil(*r pnvssure of chamber Gj piston P and its 
\aU(* I' will b(^ moved down by a pressure of air 
sorn(»what l(\ss than half what is in the boiler at the 
tirn(\ WIhmi this movement has taken place it will 
be s(*en that wat(*r in the enlarged cavity G can pass 
through th(» ports D-D u[) through the inside of valve 
I', out th(» ports H Fi into the annular opening F 
leading to th(* atmosphere at B. 

To Close the liloichOff Cock. — Turn the three-way 
cock in the cab to its original position, which exhausts 
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all pressure from C and the top of piston P. The 
boiler pressure from A now acts against the bottom of 
valve V and forces valve and its piston up to position 
shown in cut, and the valve makes a joint ,at W-Wj 
thereby preventing any further wastage af water. 
Scale or dirt caught in the ports D-D or E-E would be 
sheared off when the valve closes, and scale on seat 



AIR OR 
STIAM CNTERS 

nene to open 

' VALVe 



capK 



A — Connection to Boiler. 

B — Blow-Off to Atmosphere. 

C — Air or Stoam Connection. 

D-D— Intake Ports of Valve V. 

^^-fi;— Outlet Ports of Valve V. 

F-F — Annular Opening to Blow-OflF 
atB. 

G — Annular Opening to Intake Ports 
D. 

H-H — Vent Ports of Spring Chamber. 

P-P— Piston. 

K — Cap for removing Piston, Spring 
and Valve. 

S. — Spring. 

V — Valve and Piston P, combined, 

W-W — Valve Seat when closed. 
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CONNECTION TO BOILER 

Climax Blow-Oflf Cock. 



W-W ordinarily crushed. If the valve fails to close 
tight, open and close it quickly a few times until it 
forms a tight seat at \Y-W. 

The s])ring »S is for the purpose of preventing the 
valve opening from any va(;uum formed when the 
boiler is cooling down. Hence, if the valve leaks at 
such time, cap K should be removed and this spring 
examined. 
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THE "UTTLE GIANT" PNEUMATIC BLOW-OFF 
COCK. 

The accompanying engraving shows clearly by 
arrows the flow or pressures and fluids when this 
blow-off valve is in operation. Air pressure has 
entered the air cylinder and forced the piston, with its 
attached valve inside the boiler, to the right, allowing 
the water and the sediment in the boiler to escape. 




Little QioDt Blow-Off Cock. 

When the air pressure is withdrawn the spring behind 
llioair i»istoii returns it and thelwiler pressure against 
tlic valve assists in the return to its seat. Sho.uld 
Konie scale or other substance remain beneath the 
\alve li, by screwing in on the hand wheel, valveA 
nia\- be forced to a seat, thus rendering this valve 
remarkably safe against failure to close. 
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THE JOHNSTONE BLOW-OFF VALVE. 

This is a form of gate valve operated by a suitable 
lever at the will of the engineer. These valves have 
been largely used on locomotives, and are much 
superior to an ordinary globe valve for this purpose, 
as particles of scale will not prevent their proper 
closing. 




The sliding valve is attarhfd to the stem by means 
of a stirru|), shown just under the valve, and which 
loosely encloses it, and thus permits it to freely adjust 
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i tsel f to the seat it forms at the side opposite the attach-, 
menl to the holier. 

B\' a lever connected to the stem the valve can be 
raised entirely from its seat, so that there is a full 
.straight-way opening through the valve body. The 
sliding of the valve under pressure maintains its sur- 
fac(^ and its seal in close mntact, and if any scale or 
other foreign matter tending to impair such contact 
iTUervcnes, it Is destroyed or <lisplaced by the attrition 
of ihci)arts when so operated. 



THE homf:stead blow-off valve. 

This valve serves a purpose similar to that last 
deserihed. A long wrench extending up through the 
running board or deck 
permits its use while 
the locomotive is in 
motion. 

While the cut nere 
shown givts an exte- 
rior view, its internal 
arrangement is identi- 
cal with that of the 
"i lomestead vStraight- 
Way Valve," shown 
elsewhere. One- 
ijuarter turn o|K'Us the 
valve wide, and the re- 

\ (Tse nio\ ement not Homesiefld Bio»-off vai™. 
only closes the valve, hut locks it tightly upon its 
seat, thereby preventing all 1 




AUTOMATIC AIR AND STEAM COUPLER. 

The illustrations here given show a de\dce thai 
automatically c^.ouples and un(*ou])les the air brake 
pi])es on freight trains, and th(^ air signal and steam 
heating ])ii)es as wc^ll on pnr>'(mger trains. This 
device has becMi in successful operation on a numl)ei 
of passenger and freight trains. Figs. 1 and 2 show 
a plan and a side view of the device. 




Fig. 1. 
Automatic Air and Steam Coupler. 

The construction, manner of attaching and 
operation of this de\ ic(^ may be described as follows: 
The apparatus is interchangeable, there being no 
rights and lefts. The coupling head consists of a 
casting with openings on its face to receive the regis- 
tering gaslv3ts, and a coupling spring riveted thereto, 
CtS shown on the plan view (Fig. 1). On the elevatioil 

am 
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view (Fig. 2) is shown a cast-steel bracket riveted 
to the under side of the drawbar, to which a slotted 
hanger, in which the coupling spring rests, and a 
chain arm to support the coupling head, are bolted. 
The gaskets are so placed in the head that 
neither is touched by the opposite one until the 
coupling is made. This protection is effected by 
a tongue and groove, on which tongue the face 
rides until the gaskets are in position to register, 
when the tongue drops into the groove. 



r^>« ....••.••• 




Elevotion 

Fig. 2. 
Automatic Air and Steam Coupler. 

The outer end of the coupling head, having "V" 
and wedge-shape guides, is directed both vertically 
and horizontally by the outwardly bent spring on 
the opposing members. This coupling spring per- 
forms the double function of guide and clamp to 
hold the head firmly together when coupled. 

As will be seen on the elevation views, the heads 
are tapped to receive the air pipes to which connec- 
tion is made to the train and signal pipes by a 
short hose. 

The steam attachment is so arranged that it can 
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be readily removed or attached without affecting the 
air connections. An automatic drip at the lowest 
point of the steam attachment provides for all conden- 
sation. 

As will be seen on the plan views, the slotted hanger 
is provided with a spring buffer which positively 
insures the air coupling under all conditions where 
the car couplers will operate, and which maintain^ 
the coupling point of the air coupler in advance of the 
car coupling. The spring resting in this slotted 
hanger, the head being suspended by the chain, and 
the flexibility of the short hose permit the free move- 
ments required by the variations in the heights of 
cars, as well as the movements on curves, and also 
permit the free coupling in all such cases. 

An interchange is provided in such a way that 
coupling may be effected with the ordinary hand 
hose coupler. 

The coupling and uncoupling takes place automat- 
ically and simultaneously, as well as with the same 
degree of certainty, as does the car coupling. 



THE LIXSTROM SYPHON PIPE. 

This is fi <lf(idc(i improvement over the old form of 
tank M\\\v which too irtxjuently hecomes disconnected 
from the spimlle, requiring the draining of the tank . 
and reconnecting. 




im Noll i reeling Syphon Pipe. 

Thf syphon is sdid to 1m' more easily and cheaply 
aiijiheil iliaii the ordinary tank valve and hose 
strainer, with which it does away. With this device 
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there can be no flooding of the gangway by the leak- 
age of the tank valve which is, of course, dangerous 
in cold weather. 

As soon as the injector is started the priming fills 
the syphon, which remains full. It is impossible for 
the hose to freeze, for by simply permitting the injector 
to blow steam back into the tender the hose and feed 
pipe are immediately emptied of water, leaving 
nothing in the exposed pipe or hose to freeze. 

To clean any sediment from the tank, remove the 
small plug in the bowl shown below the strainer. To 
disconnect the tank hose when there is no steam to 
blow the water out of feed pipe, open the small pet 
cock shown at the top (or return bend), thereby 
admitting air and breaking the action of the syphon. 
This air cock should be closed at all times when 
working the syphon. 

This device also permits the use of a large strainei 
with small openings. 



LOCOMOTIVE FEED-WATER STRAINERS. 

THE SELLERS' STRAINER. 

The Sellers' strainer, herewith illustrated, from 
long continued service has shown many special 
advantaftes to recommend it. 

The strainer has standard pipe and hose connec- 
tions, and is coupled directly to the end of the injector 
suction pipe. It occupies but little more space than 
the ordinary hose nut and cone strainer, and can be 
usually applied without alteration of the length of 




the hose or of the pipe. The metal straining plate 
is of large area, and is provided with holes so small 
that line particles, which pass through the ordinary 
strainer, arc excluded from the injector; the dirt trap 
is large and admits of a considerable accumulation 
before cleaning is required; among other advantages 
claimed are the cerlainty of a continuous and plenti- 
lul supply of water to the injector, less weqi of the 
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injector, combining and delivery tubes,a considerable 
saving of time over the ordinary method in removing 
and cleaning the strainer, and a convenient and 
mechanical arrangement of all the parts. 

This strainer can be cleaned in a few minutes 
without breaking the pipe or hose joints. Fig. 1 
gives a view from the under side, with the nuts 
slackened, the T-head bolt swung upward, the cap 




rotated on the fixed stud clear of the opening, and 
the straining plate i)artially removed. The ends of 
both bolls arc pro\ idcd with sjilit i)ins to. prevent the 
complete removal or accidentiil loss of the attaching 
nuts and washers. All other parts arc made of strong 
brass, the strainer plate being of copper. An arrow 
on the side of the strainer body indicates the direction 
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of the flow of water. This strainer may be u^ed 
without change on either the right or the left side, 
and is adapted for use with any style of injector, and 
gives ample capacity for any size up to and includ- 
ing No. 12. 

HEATH FEED-WATER STRAINER. 

Fig. 3 illustrates another convenient form of hose 
strainer. The strainer itself is of such shape and 
size as to permit of a large number of small perfora- 
tions, giving ample opening and still excluding 
much dirt from the injector. The large drain cup 
below the strainer forms a pocket to catch cinders 
and sediment from the lank, which can be readily and 
quickly disc^harged by removing the ])lug at the bot- 
tom. 







Fig. 3. 
Haath Feed-Water Strainer. 



H-D LOCOMOTIVE STRAINER. 

The H-D locomotive strainer is an improved forff 
of hose strainer giving full area, and can be used for 
eithtT the right or left hand side of the locomotive. 
The screen is circular in form and rigidly attached to 

28 
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the caj) or bonnet, which forms a receptacle for alf 
dirt and sediment. By removing the cap or bonnet 
the dirt or sediment is removed with the screen, which 
can easily he cleaned. 




THE HANCOCK LOCOMOTIVE HOSE STRAINER. 

The hose strainer illustrated by Fig. 5 consists of 
a i>er[orated copinir plate in a metal frame which fits 
into sUdcs in the body. The perforated copper plate 




Hancock How Strainer. 

reslR at such an angle that coal or other sediment 
from the tank will drop below the plate and not inter- 
fere with the water-way. By removing tiie tapered 
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key, the bonnet or cap can be easily taken off and 
the co])per ])late removed and cleaned. The bonnet 
is fitted with a ground joint, and the seat is so located 
as to be ])rotected from damage. This strainer is 
furnished either right or left hand. 

The simi)licity of its construction and its great con- 
venience to locomotive engineers will readily be seen. 

When it is considered that a large capacity injector 
suitable for large modern locomotive boilers delivers 
a])proximately one gallon of water each second, it 
will readily be seen w hy such importance is placed on 
having a'gooJl-sized, effective feed-pipe strainer that 
will not IxTome (juickly stopped, and when so 
(l(Tang(Hl can be removed and cleaned without serious 
loss of time. 



SNOW FLANGER. 

THE Q & C-PRIEST SNOW FLANGER. 

This flanger is supported directly on the engine truck 
boxes, a few inches in front of the forward wheels. 
Being thus supported, it does not rise and fall with 
the movement of the engine on. the springs, nor swing 
r>ideways across the rail on curves. This feature 
enables it to do regular and uniform work. As it 
follows the movement of the engine truck, it confonns 
to all the irregularities of the track, giving an even 
depth of cut, the same on curves as on tangents. 

The knives are placed one inch ahove the top of the 
rail and make a (-ut twelve inches wide by two inches 
deep inside of the rails, and twelve inches wide and 
one-half in(*h deep outside of the rails. 

While the knives are ('onstructed strong enough to 
remove hard i)a(-ked snow and sand, they are pur- 
posely designed so as to break when striking guard 
rails or any obstructions without damage to the 
other parts, and (^an Im^ readily and (juickly replaced. 

This flanger is oixTattHl by compressed air by 
means of a cylinder located on or near the run- 
ning board, and is under full control of the engineer 
b\ means of an air cock in the cab. 

h ma\' thus be raised instantly to clear crossings, 
guard rails, cic. TIutc is also a hand lever arrange- 
ment running to the (^ab, so that the engineer may 
operate it In hand or hook it up out of use in case the 
air pumj) should fail. 

It is claimed that torj)e(loes may be used with no 

(850) 
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oanger of their displacement by this flanger in opera- . 
tion through the hardest snow. It is fur&er claimed 
that its use prevents derailments caused by engine 
truck wheels mounting hard packed snow or sand, 
and also prevents loss of haulii^ power erf loctnnotives 




(Fibt RcmnvHl to ShowWorkinc Partg of Fluicer.) 

caused by the intervention of snow and ice between 
(he driving wheels and rails. It avoids tire and rail 
rutting due to slippii^ in snow. 

A pilot plow of any size can be carried in the usual 
manner without interf^^ncewith thisdevice. 



NEW ENGINEER'S BRAKE VALVE—NEW 
YORK AIR BRAKE CO. 

The engineer's brake valve (for its location see 
plate "The American Steam Locomotive," part num- 
i)erc<l 218), which, jus its name implies, is ojKTalfx! by 
the engineer, ojKsns communiralion between the main 




*arpe En^Lnfpr'^ Brake Valve, 



air reservoir and the train piiH' for the purpose of 
cliiirging cars or relcasinf? brakes, closing the con- 
iii'ctton and oiR'ning the train pi|K' to the atmosphere 
wlien the braliCH are lo he a])])lied.* 

'Till' priiici])li' of tin' (Tipini'cr'H brake valve and the details 
i>f iui«tlirT fonn UicTi'of uTi- fully .li-seribed in "The Science of 
lliiihiny;*," and thi; ri-nii<-T in rrferrfd to the Geaeral Index of 
that work for iiiformation in regard thereto. 

«S8^ 
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The alxi^e engraving shows the outside appearance 
and inskie ranstruclion of the valve when seen from ' 
tltfrerent points of view. Figs. 1 and 2 are external 
\icvvs, rear end and side, respectively. Fig. 3 is a 
cras.s-sc<:tion through the feed valve {rear view). 
l''ig. 1 is a st'ction through the side, showing travel of 
slide valve IM and how graduating valve 110 is con- 
trolled l)y piston 101. Fig. 5 is a crass-section through 
the slide valve (front view). Fig. 6 is a plan of the 




vaU'e seat. Fig. 7 shows the face of the slide valve. 
Fig. H is I he gauge (■onne<;tion. 

'/'/*(' I'rimipul Parts and Their Duties.— Heiemng; 
lo I'ig. 4, ih<' chamlH^r H is connected to the 
main reser\()ir. The chamber A is connected to 
itie iraiii [)i|ie. Discharge of train pij>e air lo the 
alniosjiliere for service application occurs through 
purls r, <i, and jiiissage ('. Main slide valve 114 
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controls the flow of air from the main reservoir to the 
train pipe, and from the train pipe to the atmosphere. 
In the drawing the slide valve occupies "running 
position." To "release," it moves to the extreme left. 
To "apply," it moves to the right; a service application 
uncovering small ports F and G; an emergency 
ai)plication uncovering the large ports K and J. 
(See Figs. 5 and 7.) 

Small slide valve 110 is a cut-off or graduating 
valve, operated by piston 104. Its function is to stop 
the discifiarge of air to the atmosphere when the train 
pipe pressure has fallen to the desired amount. 

Piston 101 is exposed on one side to train pipe 
I)ressure in chamber A, and on the other side to pres- 
sure from a small auxiliary reservoir (connected to 
space D). Its function is to c^use valve 110 to auto- 
matically mo\e whatever distance is necessary to 
close port F. Decrease of train pipe pressure in 
chamber A allows the pressure in small reservoir D 
to expand, and thus move jriston 104 to the left, 
whi(*h, through the agency of lever 112, causes valve 
110 to close port F by moving as far to the right as 
port F has been carried by slid(^ valve 1 1 4. If the slide 
\ ah e has moved only a short distance, piston 104 will 
have to mo\ (^ but a short distance to close port F, and 
(consequently only a slight reduction of train pipe 
])r(vssure will occur. If the slide valve carries port F 
a coiisidcTable distance, then piston 104 must move a 
considerable distance to close it, and a corresponding 
reduction of train pipe pressure occurs. Thus, the 
(lisc^harge of train pipe air is greater or less, according 
to the distance which cut-off valve 110 is required to 
travel. 
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Port // (Fig. 6) connects with a passage running 
lengthwise of the valve (Figs. 1, 3 and 5), one end of 
which leads to the small reservoir (as shown by Fig. 
2), while the other end leads to the space D, back of 
piston 101 (Figs. 1 and 4). In "running position," 
l)ort J in the face of slide valve 114 (Figs. 5 and 7) 
connects chamber A with port // in the seat of the 
sUde valve (Fig. 6), thus permitting train pipe air to 
How into the small reservoir and to the rear of piston, 
as shown. When the handle is moved to apply 
brakes, however, })orts J and H no longer connect, 
and therefore the stored up air in the reservoir D acts 
as an indei)end(^nt force on piston 104. 

The operation is as follows: With handle in "run- 
ning position," the valves occupy the position shown 
in 1 'ig. 4. Discharge ports F and G and K are closed, 
and dircTt communication from the main reservoir to 
the train pipe is cut off by the slide valve. By means 
of th(^ feed valve described below, however, the train 
pipe will continue to receive air through small ports E 
and M until the normal pressure of seventy pounds 
lias been obtained therein. 

VoY "service "ap})lication, place the handle in one 
of the "service" or "graduating" notches and leave it 
there. This carries slide valve 114 far enough to the 
right to uncover small ports F and G, thus permitting 
train pip(^ air to escape from chamber A to the atmos- 
phere*, tlirough the (whaust passage C. Small cut-off 
\ al\ (* 1 1 automatically stops the discharge as soon as 
the train pipe* pressure in chamber A reduces enough 
to allow piston 101 to move, as previously ex})lained. 
I'or light applications, use the first of the graduating 
notches on short trains, or the second notch with five 
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or more cars. For heavier applications move the 
handle one or two notches further. 

For an "emergency" appKcation, move the handle 
to position marked "emergency." This will carry 
slide valve 114 to the extreme right, permitting rapid 
discharge of train pipe air from chamber A to passage 
C and the atmosphere, through ports J (Figs. 5 and 
7), the passage in slide valve, and the large port K 
(Figs. 4 and 7). 

With handle in position of "quick release," slide 
valve 114 is moved to the extreme left, thus admitting 
main reservoir pressure direct from chamber B to 
train pipe chamber A through the large opening 
which the end of the slide valve uncovers. At the 
same time, air contained in the small reservoir is dis- 
charged to the atmosphere through passage H, ports 
J and K, and passage C, thus allowing train pipe 
pressure to return piston 104 and cut-off valve 110 to 
the position shown in Fig. 4 in readiness for another 
service application. When releasing brakes, always 
pla(*e tlu* handle in "quick release" position long 
enough to ])ermit discharge of air from the small 
reser\ oir, before moving the handle back to the "run- 
ning" position. 

With the handle in "running position," the small 
r(\s(Tvoir is charged to the same pressure as the train 
l)il)e. If the handle, when in full release position, is 
moved to a service notch loo (juickly, a full service 
api)Ucalion will result; but if it is moved slowly, or 
Slopped in either "running" or "lap" position for a 
sc^cond or two, the small reservoir will become charged 
and automatirallv cut off the exhaust as usual. 

With the handle in "laj) position" all conmiunica- 
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tion is (-ut off l)(»t\veen the main reservoir and the train 
pipe, as well as between the train pipe and the atmos- 
|)here. 

Th(* air pump governor is connected to the passage 
in which the well known excess pressure valve or 
feed \alve is located. (Fig^. *^, 5 and 6.) This 
passaf»:e has a port E in the valve seat, which, by 
m()vem(*nts of the slide valve, is connected either with 
the main reservoir, with the train pii)e, or is closed 
(entirely. The governor is set at seventy pounds, and 
will shut off steam in any position of the slide valve 
wh(*n eilluT the train pipe pressure reaches seventy 
pounds, or main reservoir pressure reaches eighty-five 
pounds. The jmmp cannot, therefore, produce undue 
pressure w hen the brakes are set, and the train pii)e 
cannot become overcharged when they are released. 
When lh(* handle is in rulining position, a recess M in 
the slid(^ valve (Fig. 7) connects the port E (Figs. 4 
and 6) to th(* train pipe, and air from the main reser- 
voir has to pass through the feed valve on its way to 
the train pipe. 

The small reservoir furnished with this valve can 
be {)laced in any convenient })Osition, but we advise 
attaching it to the roof of the cab, and connecting the 
pip(* b(»tween the reservoir and the engineer's valve in 
such a wav that water cannot accumulate in the 
reser\oir, but will drain out of it through the engi- 
neer's \ahe. Copi)er jnpe must be used for this 
purpose*, as it can be readily bent into place, and 
l(\ssens tht^ danger from leakage by avoiding the 
elbows and joints that are necessary with iron pipe. 
All piping must be absolutely tight. 

liemarks— Do not allow the seat of the main slide 
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valve to become dry: If the handle pulls too hard, 
remove oil plugs 96 (first letting air out of the main 
reservoir) and oil the seat both in front and back of 
the slide valve. Before putting back the oil plugs 
move the handle back and forth several times to 
spread the oil over the seat. It is also a good plan to 
occasionally remove cover 115 and lubricate slide valve 
114 and its seat with a compound or grease such as 
vaseline. The lever shaft 120 should be oiled occa- 
sionally, through the oil hole made for that purpose 
in the flange of the cover, back of the quadrant. 



THE AUTOMATIC EMERGENCY RECORDER. 

Ever since the advent of the quick action automatic 
air brake into railway service, there has been con-, 
tinually sought a means whereby the unnecessary use 
by the engineer of the emergency position, of his 
equalizing discharge valve, could be recorded against 
him. 

Any device employed to record the emergency 
applications made by an engineer in handling either 
air-brake trains or light engines must be considered 
unreliable or worthless that does not fulfill the follow- 
ing conditions: (1) It should not interfere or impede in 
the least the application of the brakes to either light 
engine or train; that is, it must not affect the sensi- 
bility of the brakes by impeding either the preliminary 
or emergency exhaust. (2) It should be automatic. 

(3) It should record each emergency application made, 
whether engine is attached to train or handled light. 

(4) It should not operate when service applications 
only are made. (5) It should not make a record of the 
limes the engineer's valve handle is placed in emer- 
gency position when there is no air on. the engine. 
(6) It should not operate when a hose bursts or the 
conductor applies the brakes from rear of train. (7) 
It should make its record in such a manner as to defy 
its Ixnng destroyed. (8) It should be so constructed as 
to evade any attempt on the part of the persoa in 
charge of engine to change the record when once 
made, or to prevent a record being made wh^i once 



• I 
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the forbidden ])asitioii is reachtHl. (9) It should Ik; 
easily apphed, simple and durable; and (10) it should 
be capable of bcii^j appliLKl to all enfjinecr's valves on 
th-'s market w ithout having to alter their design. 




This recorder here illuslraled (Fifi- 1) reg^iera 
aa^urateiy each and e\(^ry lime the engineer's vaive 
liandle is placed in i iiai jKJsilion famiUarly kucwu as 
the "emergency position." The record is not made 
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upon pajHT or a sensitized film, which may be removed 
and destroyed, but is permanently marked by a hand 
or pointer, similar to the manner of . registering fares 
on street cars. It may be so constructed as to admit 
of its registering an indefinite number of applications. 
The device shown ranges in capacity from one to five 
thousand. It will readily be seen by reference* to 
Fig. 1 that from the very construction of this device no 
interference whatever can come to the successful 
operation of the air brakes by its attachment to 
the engineer's valve. It works automatically and 
records every emergency api)lication, but none made 
in service position. No record will be made unless 
there is air in the reservoir, nor where a hose bursts 
while engine is carrying air. It will admit of no 
tampering in order to falsify its record; is simple, 
cheap, easily applied, and durable. It will fit any 
valve, with a slight change of base. 

The indicator is moved by the sudden flow of air 
from the emergency port of the engineer's valve com- 
pressing a spring, as shown in the details of the 
engraving. 

The device is extremely simple of construction, 
consisting of a ratchet wheel or plate with one hundred 
teeth actuated by a pawl connected to the top of a 
small rocker arm giving proper motion to the ratchet 
plalc* when the piston makes the forward stroke by 
means of a l)e\(^l at the end of the piston rod, throwing 
the bottom of th(» rocker arm back and the top forward. 
A spring pin is also fixed in the ratchet plate, actuated 
at a fixed point in its revolution with another plate 
placed o\(T tin* ratchet, whereon each one hundred 
re\ olutions of the needle is recorded. The face plate 
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is graduated into one hundred parts, from which each 
movement of the needle is read. The exhaust port 
for service or preUminary appUcations of the air 
brake is placed at the end of the cylinder, and is 
one-eighth of an inch in diameter as against one- 
sixty-fourth of an inch in diameter of the same port in 
an 1892 Westinghouse engineer's brake valve, thus 
giving a high factor of safety for service exhaust. 
The ports for emergency exhausts are in the sides of 
the cylinder, and the needle makes its record the 
instant the piston follower clears the ports. The 
device will record 4,999 applications of the emergency, 
and then return to zero, and begin all over again. No 
movement of the needle takes place when service 
applications are made. 



AUTOMATIC BRAKE-SLACK ADJUSTER. 

While there have been many types of brake-slack 
julju.sters used on cars and locomotive tenders, that 
adjuster formerly known as the McKee, but now made 
hy the Westinghouse Co., and called by the latter 
name, has lxs;n used more extensively than any other. 

The accompanying engraving shows a coach or 
tender brake cylinder and levers with the Westing- 
house slack adjuster applied to the back head. As 




will he seen, a \('ry small air pi]K' is tapped into the 
brake cylinder at a [Hjint to clear the piston when the 
lallcr has traveled stm'n and one-half inchts. Thus, 
when the brake piston jjasses Ix-yond this jwint a 
small quantity of air is conveyed through this piix; to 
a very small cylin<ler wherein it forces a piston 
agaitist a heav>' s]»ring engaging a |>awl in a ratchet 
whivl attached to the screw holding the back cylinder 
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lever. When ihebrakcis released, the spring, by means 
of the jiawl and ratchet wheel, turns the screw, thereby 
moving outward the inside end of l)ack cylinder lever, 
which lakes up about one-thirty-second of an inch of 
piston travel. When new brake shoes arc aiytlied the 
screw should be turned back sufiiciently to let out tho 
travel to about what it was before the new shoe was 
applied. 

The Gould slack adjuster is also a mechanical 
device which works, however, on the ratchet princi- 
ple and without any use of tho air pressure, as will 
clearly be seen by reference to the accompanying 
engraving. 




Gould Brake-Slack Adjuslw. 

The advantages to l>e gained by the application of 
any eflicit'nt brake-slack adjuster to cars or locomotive 
tenders are of considerable im(H)rtance. 

Their ut«> will kif'p the pitjton travel of all thebrake 
cyUnders uniform, thus insuring maximum pres- 
sure of the brakes and pennilting better stops to be 
made and i)reventing serious shocks which usually 
cause damage of some nature. Anything which 
tends toward the efliciency of thts brakes reduces Oie 
waste of air and ac('ordingl,\- reduces the requirements 
placed u])0ii the air pump, thereby lessening the cost 
of pump repairs. 



LOCOMOTIVE GLOBE VALVES, RELIEF 
VALVES, ETC. 

Fip:- 1 shows the ordinary construction of either 
Cflolie or allele valves for locomotive use. The par- 
ticular valve here shown is designed for service where 
an all-metal valve is required, and is claimed to be 
csiK'cially -idapled for high steam pressures and to 
withstand "wire drawing," being made with a flat 




standard Heavy Locomotive Globs Valve. 

seal. The |)rojeclion under the disc protects the seat 
from liiri and from the culling action of the steam 
when ihe valve is [)arlly oijen, and also serves as a 
guidf wlien re-grinding is necessary. 

To re gri iicl one of these valves, remove the disc from 
ihc siciii and grind ii with a temjwrary holder screwed 
into it. 
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THE CROSBY SPRING SEAT VALVE. 

This valve is shown in Fig. 2, which repre- 
sents the valve h iih a section of the body removed 
Iti order to show its internal design. A is the 
upper disc, in which u a rei>resents the seat with 
its conical depression terminating in an annular 
{groove of considerable depth. C shows the valve 
body, whermn at h h, in the valve sopiting B, is con- 
structed a conical seat having in the center a similar 




Crosby Si>rinit-.Seat Valve. 

groove. These seats \\si\c- greater contact surface, 
and by means of the central grooves have greater 
resilient action, whicli jierniits them to shut tight and 
ri'inaiti .s*). Tliis noxcl characteristic prevents them 
from jariiiniiig wlieii tlic valve is cIoschI, and leaves 
them free to aceoniiiiodate thenis<'lves to any variation 
of tem|M'ralnre. When partially o|H'n, it is claimed 
that the uut-rusliing steam or water does not abrade 
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their surfaces, as ordinarily happens with ordinary' 
valves. 

THE HOMESTEAD STRAIGHT-WAY VALVE. 

This \'n\\G is SO constructed that when it is 
closed it is at the same time forced firmly to 
its seal. This result is secured by means of 
the Iravcliiifi caTn A through which the stem passes. 
The cam is ])revented from turning with the stem 
by means of the lugs ]i, which move vertically 
in slots. Supposing the valve to be ojien, the 
cam will be in the lower part of the chamber in 




nomerilea.! Slrniaht-Way VpJve. 

which it is placed, and the plug will be free to be easily 
moved. A (piarter of a turn in the direction for 
closing it causes the cam to rise and take a bearing on 
the upfjcr surface of tlic chamber, and the only effect 
of furlliiT ('frorl 10 turn the stem in that direction is to 
force the jilug more lirmly to its seat. A slight motion 
in the olIiiT (lireciion immwliately releases the cam 
and the plug turns easily, being arrested at its proper 
()|ieii [Hwilidii by contact of the fingers of the cam at 
the other *'ii(l of its travel. K, D, D, are balancing 
purls. This vu[\e forms a very efficient blow-off 
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valve where an automatic valve is not desirable (see 
chapter on Boiler Cleaners). 

STEAM CHEST VACUUM VALVES. 

The purpose of these valves is to permit air to 
enter the sleam chest and thence the locomotive 
cylinder when the engine is "drifting" or running with 
steam shut off. 

These valves are often termed "relief valves," but 
should more properly be known as vacuum relief 




Stram Chent Vacuum or Air Relief Valve. 

valves or suction \ ah es, one tyiw of whicn is shown in 
theengrdMng, Tig 4 

Inasmuch as it is well known that the steam chest 
pressure maj at times lx.come very great when a loco- 
motive at speed is reversed and the throttle not opened, 
many railroads use a combined vacuum and pressure 
relief valve, an shown in Fig. 7, on all steam chests. 
It is hardly necessary- to describe in detail the pressure 
relief vaUe thus used, as its principle is identical with 
that of the locomotive poji sfifely valve, which is fully 
described and illustrated elsewhere in this volume. 
if, in place of the tap shown in the vacuum leiM 
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valve here illustrated, a pop safety valve should be 
screwed, the result would be a combined vacuum and 
pressure relief, steam-chest valve. The pressure 
spring is usually adjusted to an amount slightly in 
excess of the boiler pressure to avoid its blowii^ when' 
the locomotive is workii^ hard and nodet full 
pressure. 

Two forms of pressure relief valve are shown in 
Figs. 4 and 5. 

RICHARDSON RELIEF VALVE. 

In order to obtain the best results from valyes 
(especially balanced valves) on locomotives, a reli^ 
valve should be placed in the steam chests for tlu 




purpose of admitting clean air from the outside aUnos- 
phere, and thereby preventii^ avacuum bdng formed 
in the steam chests and cylinders when the engine Ib 
running with steam shut oft; otherwise air fnna tiie 
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smoke-box, charged with hot gases, dust and cinders 
will be drawn into the chests and cylinders through 
the exhaust ports, burning up all oil and cutting and 
grinding the valves and valve seats. 

The valve here shown by Fig. 5 can be used with 
much benefit with any slide valve. It is made extra 
heavy, to stand wear, and the curved valve wings are 
so arranged that the valve in closing always finds a 
new seat, thus keeping itself tight. 

BLACKALL RELIEF VALVE, FOR USE ON 

LOCOMOTIVES. 

This valve is placed on a locomotive at any point 
between the throttle valve and slide valve, preferably 
upon the steam chest, where it will have a free and 
open communication with the steam pipes of the 
engine only. It is designed to prevent the accumula- 
tion of pressure in the pipes or boiler of a 
locomotive if engine is suddenly reversed 
while moving forward, as is frequently 
the case. The valve is adjusted to open 
at a slightly higher pressure than the 
maximum i)ressure carried on the boiler, 
but below the pressure required to pro- 
FiG. 6. (luce a rupture of parts, and will permit 
vaive\or use^on the cxccss of air pressure to escape 
Locomotives, f^^j^ ^j^^ stcam pipcs, and thereby pre- 
vent any undue pressure being generated by the 
cylinders. A uniform pressure of air will be main- 
tained within the limit of safety, which will supply 
resistance to the pistons and overcome the momen- 
tum of the train, and perform the functions of an 
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automatic air brake on the drivers, and stop the 
train. By the use of this device engines can be 
reversed suddenly while running at a high rate of 
speed, without strain or damage to any portions of 
the machinery or Iwiler. 

niCHAHnSON COMBINKD PRESSURE AND VACUUM 
RELIEF VALVE. 

This valve (Fig. 7) is designed to be placed in the 
steam chest to automatically supply clean air to the 
cylinders through the air-valve A when engine is 




Rictianlaon Coinbinwt Pre~.urB ami Vacuum Relief Valve. 

running .-shul off, and thusfurnishes a free supply of 
air from the outside instead of lis being sucked in 
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from the smoke-box laden with hot gases and cinders 
which lap all oil from the valves and seats. 

The pressure relief valve B performs a very valua- 
ble function in preventing the dangerous accumula- 
tion of pressure in the steam chest and dry-pipe and 
oftentimes the breaking of same when the engine is 
suddenly reversed. The valve is set to open at a 
pressure slightly above the maximum boiler pressure, 
and will allow any excess of pressure to escape to the 
atmosphere, yet will maintain in the cylinders a 
uniform pressure of air within the limits of safety 
when running forward after reversing, and thus 
supply resistance to the pistons and overcome the 
momentum of the train, and perform the functions of 
an automatic air brake in assisting to stop the train. 
By using this valve an engine may be suddenly 
reversed while running at high speed without strain 
oj damage to any portion of the machinery or boiler. 



LOCOMOTIVE BOILER COVERINGS, 



The extent of heat losses occurring by radiation 
fron^ a modern locomotive boiler under service con- 
ditions has long been a matter of spl3Culation. There 
have been investigations to determine the raxtiation 
from pipes and other steam-heated surfaces, usually 
within buildings, but, until recently, there have been 
no tests which would disclose the effect of the air 
currents such as, at Blpe&dt circulate abbio^ the boiler of 
a locomotive. y ■? ; ■• , -•?. * 

From such servicer tesrfs it has been determined that 
a perfectly bare boiler would lose about ten per cent, of 
the total power of the machine, which Would|iinount 
to nearly one thousand dollars per year oil a large 
high-pressure locomotive, but that by properly cover- 
ing about tw^o-thirds of the exposed surface of boiler 
and fire-box over sixty per cent, of this loss niay be 
prevented. 

Thus it would appear to be a matter not undeserv- 
ing the attenion of practical railroad men to know 
that by this means alone over half a million dollars 
per year may be saved on a railway system haying 
one thousand locomotives. 

An eminent professor states that "the best insulair 
ing substance known is air confined in minute par- 
ticles or cells, so that heat cannot be removed by 
convection." He also states that "no covering can 
eciual or surpass that of perfectly stUI and stagnant 
air, and the value of most insulating subfitonces 

im 
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A large number of manuractured boiler coverings 
are ram posed in j)arl or whole of a-sbestos or m<igiiesia. 

Asbestos is a fibrous mineral, and one of Nature's 
unique products. It is found in various parts' of the 
world and usually orcurs in narrow veins or seams. 
When treated mechanically it yields soft, white, 
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Method of Securing SeclLonal LaMinK lo tlie Holler. 

delirale and exceed) rifilv strong lijires, which can be 
Sj)un, woven and otherwises manufactured into many 
lisd^^ articles. In addition to its fire-proof qualities, 
-/'i.s ^^^^ '^'■''' l*'"'^"'' ""^ practically indestructible 

\ni /f"™ abrasion. 
eXC^'i J shows a locomotive boiler undergoing the 
l'i^\ Qi covering with a form of manufactured 



pfo^' 
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covering known as sectional lagging. From Fig 2 
the details of its application may be readily under- 
stood. 

When it is such general practice in stationary and 
marine engineering to cover every particle of exposed 
steam pipe it would seem much more important to do 
so on a rapidly moving locomotive where the resulting 
radiation is very much greater. 




Fig. 3. 
Asbestos Covering for Steam Pipes. 



Asbestos covering, as shown in Fig. 3, for steam 
supply pipes to the air pump, train healing system, 
electric headlight, etc., is gradually but surely coming 
into use. 



THE STEAM ENGINE INDICATOR. 

The degree of excellence to which the locomotive 
and other steam engines has been brought is very 
largely due to the use of the indicator. A careful 
study and comparison of indicator diagrams taken 
under different speeds, pressures, and with various 
cut-offs furnishes the only means of showing the 
action of steam in the cylinder and of gaining a defi- 
nite knowledge of the various changes of pressure ^ 
that take place therein. 

An indicator diagram is the result of two motions^ 
namely: a horizontal movement of the paper in exact 
v^orrespondence with the movement of the piston, and 
a vertical movement of the pencil In exact ratio to the 
pressure exerted in the cyUnder of the engine. Con- 
sequently, it represents by its length the stroke of the 
engine on a reduced scale, and by its height at any 
point the pressure on the piston at a corresponding 
point in the stroke. The shape of the diagram 
depends altogether upon the manner in which the 
steam is admitted to and released from the cylinder of 
the engine. The variety of shapes given from differ- 
ent engines, and by the same engine under different 
circumstances, is almost endless, and it is in the 
intelligent and careful measurement of these that the 
true value of the indicator is found; and no loco- 
motive or stationary engineer should be without a 
knowledge of the principles and uses of this ingenious 
device ^ad ^ble to properly read an indicator diagram. 

(888) 
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A diagram shows the pressure acting on one side of 
the piston only during both the forward and return 
stroke, whereon all the changes of pressure may be 
properly located, studied and measured. To show 
the corresponding pressures on the other side of the 
piston, another diagram must be taken from the 
other end of the cylinder. When the three-way cock 
is used, the diagrams from both ends are usually 
taken on the same paper. 

To obtain trustworthy results on high-speed 
engines, an indic-ator must have extreme lightness, 
a nice adjustment of all the moving parts and fine 
workmanship; to these indispensable quaUties should 
be added simplicity of construction and convenience 
of manipulation. 

THE CROSBY STKAM ENGINE INDICATOR. 

This indi(^ator is designed to meet the requirements 
of modern steam engineering i)ractice. The high- 
s[)e(*d system of construction in locomotives and 
steam engines which greatly prevails to-day renders 
the oUler t.\'pe of indicator well-nigh useless. Many 
details which gave little trouble at low' speeds cause 
errors unikT the |)resent requirements which seriously 
affect the results. 

I^'ig. 1 shows a general view of the Crosby indicator, 
whik^ the illustration in Fig. 2 is a sectional view 
showing the (l(\sign and arrangement of the parts. 

UefcTring to b^ig. 2, i)art 4 is the cylinder proper, in 
which the movemc^nt of the piston takes place. It is 
made of a special alloy, exactly suitcni to the varying 
temperatures to which it is subjected, and secures to 
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the piston th(! same freedom of movement with high 
prcMSure steam as wilh low; and as its bottom end is 
free and out of conlad with all other parts, its longi- 
tudinal e\|)ansion or contraction is unimpeded and no 
distortion can possibly take place. 

Between the parts 4 and 5 is an annular chamber, 
which serves as a steam jacket; it will always be filled 
with steam of nearly the same temperature as that in 
the cylinder. 




The jii.stoii 8 is f(>rme<i from a solid piece of the 
liiiesl tool .steel. Its shell is mfide as thin as possible 
consislenl with pro|R'r sirenKth. It is hardened to 
prcM'nl any reduction of its area by wearing, then 
}iCroun;l and lajiped lo fit (lo the ten-tbousfindlh jiart of 
an inch) a cylindrical gauge of standard size. Shallow 
channels in its outer surface provide a steam packing, 
and lilt' moisture and oil which they retain act as 
lul)ricanl.s and pre\ent undue leakage by the piston. 
The trans\erse web near its center supports a central 
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socket, which projtvUs hoth upward and downward; 
the ujiper j>art is thn'mknl inside to receive the lower 
end of the piston rotl; the upjKT (xlge of this socket is 
formed to iit nicely into a circular channel in the 
under side of the shoulder of the piston-rod when they 
are properly connected. It has a longitudinal slot 
which permits the hall bearing on the end of the 
spring to droj) to a concave bearing in the upper end 
of the piston screw 9 which is closely threaded into 




the lower part of ilie socket; the hoatl of this screw is 
hexagonal and may 1h' turned with the hollow wrench 
which accomjKinics the indicator. 

The piston rod 10 is of steel, and is made hollow 
for lightness. Its lower end is threaded to screw into 
the upiKT socket of the i)iston. Above the threaded 
portion is a shoulder having in its under side a circular 
channel formed to receive the upper edge of the socket 
whep these parts are connected together. When 
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making this connection the piston rod should be 
screwed into the socket as far as it will go; that is, 
until the upper edge of the socket is brought firmly 
against the bottom of the channel in the piston rod. 
This is very important, as it insures a correct align- 
ment of the parts and a free movement of the piston 
within the cylinder. 

The swivel head 11 is threaded on its lower half 
to screw into the piston rod more or less, according to 
the required height of the atmospheric Une on the 
diagram. Its head is pivoted to the piston rod Unk of 
the pencil mechanism. 

The cap 2 screws into the top of the cylinder arid 
holds the sleeve and all connected parts in place. Its 
central hole is furnished with a hardened steel bush-. 
ing which forms a durable and sure guide to the 
[)iston rod. On its under side are two threaded por- 
tions. The lower and smaller projection is screw- 
threaded outside to engage with the lUce threads in the 
head of the spring and hold it firmly in place. The 
upper and larger projection is screw-threaded on its 
lower half to engage with the Ught threads inside the 
cylinder; the upper half of this larger projection — 
being the smooth, vertical portion — is accurately 
fitted into b corresponding recess in the top of the 
c\ Under, and forms thereby a guide by which all the 
moving parts are adjusted and kept in correct align- 
ment, which is very important, and is impossible to 
secure by the use of screw thresCds alone. 

The sleeve 3 surrounds the upper part of the cylin- 
der and supports the pencil mechanism. It turns . 
c^round freely, and is held in place by the cap. The 
handle for adjusting the pencil point is threaded. 
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through the arm and in contact with a stop-screw in 
the plate 1 may be delicately adjusted to the surface 
of the paper on the drum. It is made of hard wood, in 
two sections; the inner one may be used as a lock-nut 
to maintain the adjustment. 

The i)encil mechanism is designed to afford suffi- 
cient strength and steadiness of movement with the 
utmost lightness, thereby eliminating as far as 
l)ossil)le the effect of momentum, which* is especially 
troublesome in high speed work. Its fundamental 
kinematic principle is that of the pantograph. The 
fulcrum of the mechanism as a whole, the point of 
attachment to the i)iston rod and the pencil point are 
always in a straight line. This gives to the pencil 
point a movem(*nt exactly parallel with that of the 
piston. The movement of the spring throughout its 
range bears a constant ratio to the force applied and 
the amount of this movement is multiplied six times at 
the pencil point. 

Springs. — In ord(T to obtain a correct diagram, the 
movement of the i)en(*il of the indicator must be 
exactly [)roi)orti()nal to the pressure per square inch 
on the piston of th(^ steam engine at every point of the 
strok(%* and tlu^ velocity of the surface of the drum 
must l)ear at everv instant a constant ratio to the 
\(^l()city of the [nston. ^iliese two essential condi- 
tions have* been attained to a great degree of exactm^ss 
in tilt* Crosby indicator by a very ingenious con- 
struction and nice adaptation of both its piston and. 
drum springs. 

The* [)iston spring is of unique and ingenious 
(l(\sign, luMUg made of a single piece of the finest 
spring steel wire, wound from the middle into a double 



LOCOMOTIVE APPLIANCES. 889 

coil, the spiral ends of which are screwed into a brass 
head having four radial wings with spirally drilled 
holes to receive and hold them securely in place. 

Adjustment is made by screwing them into the 
head more or less until exactly the right strength of 
spring is obtained, when they are there firmly fixed. 
At the bottom of the spring — in which hghtness is of 
great importance, it being the part subject to the 
greatest movement — is a small steel bead firmly 
attached to the wire. This reduces the inertia and 
momentum at this point to a minimum, whereby a 
great improvement is effected. This bead has its 
bearing in the center of the piston, and in connection 
with the lower end of the j)iston rod and the upper end 
of tlie piston screw 9 (both of which are concaved to 
fit), it forms a ball and socket joint which allows the 
spring to yield to pressure from any direction without 
causing the j)iston to bind in the cylinder, which is 
liable to occur when the spring and piston are rigidly 
united. 

The testing of the spring, — The rating or measure- 
ment of the sj)rings is determined with great care and 
accurac-y by special apparatus. The pressure test is 
made by tht^ dircM't action of the steam in the cyUnder 
of the indicator and in a mercury column, simul- 
taneously oi)erating with a capacity of three hundred 
pounds pressure per square inc'h. Suitable and 
ing(*nious (^Itvlrical apparatus is so combined with 
these* UKTcury columns that the ordinary division in 
inches of \acuum and in pounds pressure, respect- 
ively , an* automatically marked on the test card on 
lh(* indicator drum as the* t(^st of the spring proceeds. 
l^]ach spring is tested in pressure to twice the capacity 
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marked on the same. This method of testing pressure 
springs has been in use for several years and has been 
demonstrated to be the best system for accuracy. 

The drum spring 31 is a short spiral spring, thus 
greatly reducing the f rictional resistance. 

If the conditions under which the drum spring 
operates be considered, it will readily be seen that at 
the beginning of the stroke, when the cord has all the 
resistance of the drum and spring to overcome, the 
latter should offer less resistance than at any other 
time; in the beginning of the stroke in the opposite 
direction, however, when the spring has to overcome 
the inertia and friction of the drum, its energy or 
recoil should be greatest. 

This drum spring, being a short spiral having no 
friction, has a quic*k recoil. At the beginning of the 
forward stroke it offers to the cord only a very slight 
resistance, which gradually increases by compression 
until at the end its maximum is reached. At the 
beginning of the stroke in the other direction its 
strength and recoil are greatest at the moment when 
both are most needed, and gradually decrease until 
the minimum is reached at the end of the stroke. 
Thus, a nearly uniform stress on the cord is main- 
tained throughout each revolution of the engine. 

The drum 24 and its appurtenances, except the 
drum spring, arc similar in design and function to 
like parts of other indicators and need not be particu- 
larly dos(Til)ed. All the moving parts are designed 
to secure sulTicient strength with the utmost lightness, 
by which the effect of inertia and momentum is 
reduced to the least possible amount. 

The Crosby indicator is made with a drum one and 
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one-half inches in diameter, this being the oorrect siizQ 
for high speed work, and answering equally well for 
low speeds. If, however, the indicator is to be used 
only for low speeds and a longer diagram is preferred, 
it can be furnished with a two-inch drum. 

All improved Crosby indicators are changeable 
from right-hand to left-hand instruments, if occasion 
requires. 

TABOR STEAM ENGINE INDICATORS. 

• 

The steam engine indicators that have come into 
prominent use have one essential plan of consthictioiL 
There is a steam cyUnder and a paper drum. The 
steam cylinder is designed to connect with the interior 
of the engine cylinder and to receive steam whenever 
the engine receives it. A piston, which is enclosed in 
the indicator steam cyUnder, conmiunicates motion to 
a pencil arranged to move in a straight line, the 
amount of movement being limited by ttie tension of 
a spiral spring against which the piston ads. The 
pai)er drum is a cylindrical shell mounted on its axis, 
find is made to turn forward and backward by a 
motion derived from the cross-head of the engine. A 
sheet of paper or card, as it is named, is stretched 
upon the drum, and the pencil is brought to bear upon 
it. In this manner the instrument traces upon the 
pa|)er a figure outUne, termed the indicator diagram, 
which is the object sought. Since the motion of the 
paper drum is made to coincide with that of the piston 
of the engine, and the height to whidi the pehdl rises 
\ aries according to variations in the force of the 
steam, the indicator diagram presents a reoord'of tbe 



392 LOCOMOTIVE APPLIANCES. 

pressure of steam in the engine cylinder at every 
point of the stroke. 

To obtain well-defined diagrams with instruments 
of this description, it has been found desirable to 
employ a spring of high tension, so as to permit but a 
small movement of the piston. That a suitable 
h(nght of the diagram may be obtained, this plan 
re(|uires the multii)licati()n of the movement of the 
j)iston. In the means that are employed for accom- 
plishing this result, still i)reserving a straight line 
movement, the various forms of indi(*>ators that have 
been extensively used find their essential differences. 

The Richards indicator, the first instrument of this 
kind that came into use, depended for the multiplica- 
tion of the movement upon two levers, pivoted at 
oj)posite ends, and connected by a bar carrying the 
p(nicil. One of the levers at a point near the pivoted 
end received the motion of the piston. The use of this 
incUcator upon engincvs running at high speed showed 
that the momentum of the multiplying device pro- 
duced a disturbance in the. action of the instrument 
which made the diagram inaccurate. 

The object sought by the inventor of the Tabor 
indicator was to b(>tter adapt the instrument to the 
attainment of smooth and accurate diagrams at high 
spc^eds. He (nideavored to provide a movement 
ha\ iiig such f(nv j)arts, and those of such light weight, 
that a (juick response to the a(*tion of the steam pres- 
sure should occur at any si)eed liable to be met in 
practic'c. Th(^ (^rnploymc^nt of high speeds is now of 
fr(H|uent occuirrcMice on stationary and marine 
engines, and suitable provisions for indicating in 
those cases have become a recognized necessity. 
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Description. — A prominent feature of the Tabor 
indicator lies in the means employed to communicate 
a straight-line movement to the pencil. A stationary 
plate containing a curved slot is firmly secured in an 
U|»right [)Osition to the cover of the steam cylinder. 
Ttiis slot serves as a guide and controls the motion of 
llie iwncil bar. The side of the pencil bar carries a " 




Tabor ImfiaHor Fitted wiUi Dram Blw AOa 

rollrr wtiirh iurn.s on a pin, and this Is fitted so as to 
roll rn't'l,\ from end to end of the slot. The curve trf 
the slot is so fonmxl, and the pin attached to such a 
IMiim, tliai ihc cmd of the j)encil bar which carries the 
[wiicil moves up iuid down in a straight line when 
t he roller is moved from one end of the slot to the other. 
The curve of iho slot just compensates the tendency of 
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the pencil point to move in a circular arc, and a 
straight-line motion results. The outside of the 
curve is nearly a true circle, with a radius of one inch. 

The steam cylinder and the base of the paper drum 
are made in one casting. Inside the steam cylinder is 
a movable Kning cylinder within which the piston of 
the indicator works. This cylinder is attached by 
means of a screw-thread at the bottom, and openings 
on opposite sides at the top are provid(xi for the intro- 
duction of a tool for screwing it in or out. Openings 
through the sides of the outer cyUnder are provided to 
allow the steam which leaks by the piston to escape. 

The pencil mechanism is carried by the cover of the 
outside cy] inder. The cover proper is stationary, but 
a nicely fitted swivel i)late, which extends over nearly 
the whole of the cover, is provided, and to this plate 
the direct attachment of the pencil mechanism is 
made. By means of the swivel plate the pencil 
mechanism may be turned so as to bring the pencil 
into contact with the paper drum, as is done in the act 
of taking a diagram; this pencil mechanism is 
attached to the swivel by means of the vertical plate 
containing the slot which has been referred to, and a 
small standard placed on the opposite side of the 
swivel for connecting the back link. The slotted 
[)late is backed by another plate of similar size, which 
s(TV(\s to receive the pressure brought to bear on the 
l)en(-il bar wh(^n taking diagrams, and to keep the 
[K^ncil bar in i)lace. The j)encil mechanism consists 
of three i)ie(x\s: the j)enc»l bar, the back link, and the 
l)iston rod link. The two links are parallel with each 
other in e\'ery ])osit^.on they may assume. The 
lower pivots of these links and the pencil point are 
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always in the same straight Une. If an imaginary 
link be supposed to connect the two in such a manner 
as to be i)arallel with the pencil bar, the combination 
would form an exact pantograph. The slot and roller 
ser^ e the purpose of this imaginary link; the connec- 
t ion between the piston and the pencil mechanism is 
made by means of a steel piston rod. At the upper 
end, where it passes through the cover, it is hollow, 
and has an outside diameter measuring three- 
sixteenths of an inch. At the lower end it is solid, 
and its diameter is reduced. It connects with the 
])iston through a ball-and-socket joint. The socket 
forms an independent piece, which fits into a square 
hole in the center of the piston, and is fastened by 
mc^ans of a central stem provided with a screw, which 
passes through the hole and receives a nut applied 
from the under side. The nut has a flat-sided head, 
so as to be readily operated with the fingers. A 
number of shallow grooves are cut upon the outside of 
th(? piston to serve as a so-called water packing. 

One of the most important features of an indicator 
is its i)arallel motion. The correctness of the parallel 
motion of the Tabor indicator is such that at all times, 
and at (^\ er\' point on the diagram within the reach of 
the p(Mi(:il j)oint, the extreme end of the pencil bar will 
record a \ (Ttical travel or movement of just five times 
thai of the indicator piston. 

'V\w springs used are of the duj)lex type, made of 
two spiral coils of wire, strongly held at their ends in 
brass fittings. The wires are so mounted that the 
(Mids of each coil are connected on opposite sides of the 
fitting. This arrang(»m(^nt ecjualizes side strain on 
the spring, and insures the piston moving central in 
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the cylinder, thus avoiding excessive friction caused 
by a single coil spring, in forcing the piston against 
the side of the cylinder. The threads by which the 
sj)ring is connected are cut on the inside of its fittings, 
and suitable threaded projections on the under side 
of the cover and on the upper side of the piston, 
respectively, are provided for securing the spring in 
l)lace. These springs are adjusted under steam 
pressure, and are, consequently, correct only when 
used with steam. 

The paper drum turns on a vertical steel shaft, 
secured at the lower end to the frame of the indicator. 
This drum is supported at the bottom by a carriage, 
which has a long vertical bearing on the shaft. It is 
guided at the top by the same shaft, which is length- 
en(^d for this purpose, the drum being closed in at the 
top and i)rovided with a central bearing. The drum 
is held in place by a close fit in the usual manner, and 
is easily removed by the hand when desired. Stops 
are provided on the inside of the drum at the bottom, 
with openings in the outside of the carriage to corre- 
spond, so as to prevent the drum from shpping. These 
are so placed that the position of the drum may be 
changed so as to take diagrams in the reverse position 
of the pencil mechanism, when so desired, l^e drum 
is made of thin brass tubing, so as to l)e extremely 
light. Spring cli])S are attached to the drum for hold- 
ing the paper. 

The drum carriage i)rojects below the lower end of 
the drum, whore it is provided with a groove for the 
recej)tion of the driving cord. This groove has 
sulTicient width for two complete turns of the cord. 
The drum s])ring, by which the backward movement 
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of the drum is accomplished, consists of a flat spiral 
spring of the watch spring type, placed in a cavity 
under the drum carriage encircling the bearing. It is 
attached at one end to the frame below, and at the 
other end to the drum carriage. In its normal position 
the drum carriage is kept against a stop by means of 
the pull of the spring. The lower hub of the drum 
carriage rests directly on the spring case, while the 
opposite hub is in contact with a knurled thumb nut 
screwed and pinned to the central drum shaft. This 
thumb nut serves as a convenient means for winding 
or unwinding the paper drum spring, as by loosening 
the thin hexagon nut on the under side of the arm to 
which the si)ring case is secured by it, the thumb nut 
can then be turned in either direction until just the 
desired tension of the spring is obtained, when the 
thin nut should again be firmly tightened. 

A simple form of carrier pulley serves to guide the 
driving cord on to the drum from any direction. A 
single pulley is mounted within a circular perpen- 
dicular plate, and the hole in the center of which 
coincides with the center of the driving cord with the 
IKTiphery of the pulley. The plate can be. turned 
about its center so as to swing the pulley into any 
desired angular position, and thereby lead the cord 
off in any desired direction. The plate is held by a 
circular frame, which serves also as a clamp, and the 
pulley is fixed in position by the use of the same nut 
which secures the frame to the pulley arm. 

The instrument is attached by means of a coupling 
having but one thread. It is simple, like-a common 
pipe coupling, and is operated by simply turning it in 
the proper direction, without exercising tfiat care 
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which the use of couphngs having donble threads 
requires. The indicator cock is provided with a stop 
so as to turn only the ninety degrees needed for open- 
and shutting. A complete revolution of the cock is 
impossible. 

The pressure of the pencil on the paper drum is 
regulated by means of a screw which passes through 
a projection on the slot plate, and strikes against a 
small stop provided for the purpose and secured to the 
frame. This screw is operated by a handle of suffi- 
cient size to be readily worked by the fingers, which 
also serves as a handle for turning the pencil mech- 
anism back and forth, as is done in the act of taking 
diagrams. The screw, with handle, may be intro- 
duced and worked from either side, so as to 
use the pencil mechanism on either side of the 
paper drum. 

The end of the pencil bar is shaped in the form of a 
thin tube for the reception of the pencil lead or rtietallic 
marking point. The tube is sjHit apart on the side 
and yields to the slight pressure required to introduce 
the pencil from either side, so as to mark on either 
side of the paper drum desired. 

A^shcToft Rediicing Wheels. — ^To insure an accurate 
reduction of the stroke of an engine to the desired 
k^ngth of the indicator diagram to be taken therefrom, 
a reliable reducing motion is essential. Various 
modifications of the pendulum lever, pantographs 
and other combinations are employed to accomplish 
this result, often with accuracy when they are used 
under favorable conditions. The "whceF has proved 
a much more reliable and satisfactory reducing 
motion than any of the other kinds, and during the 
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last few years it has, to a great extent, superseded all 
other devices for the same purpose. 

The illustration herewith, F^. 2, represents an 
independent redudi^ wheel motion, so made that 
it can be applied not only to Tabor but other indi- 
cators. 

The device consists of a base K, with two sta,ndards 
for the bearings for the worm shaft R. The base is 




extended to provide a support for the worm gear disc 
G, towhiclithe cordE" from the indicator paper drum 
is secured in a manner as illustrated. A pulley O, of 
suitable diameter for the stroke of the ei^ine, is 
loosely mounted on the worm shaft R, to which pulley 
one end of the separate driving cord (7 is secured, the 
other end of the cord being connected either direct to 
the engine cross-head to a standatd bolted theratf^ <a 
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to any other part of the engine having a coincident 
motion. From whatever i)oint selected for attaching 
the cord, it is necessary that the cord run in a Una 
I)ractically j)arallel with the travel of the engine cross- 
head for a distance of at least the length of the engine 
stroke. 

A small flat coil spring, located in the spring case 
D, is connected to the i)ulley O by means of a disc (not 
shown in illustration) for the sole purpose of rewind- 
ing upcn the pulley the slack cord that would other- 
wise occur during the inward stroke of the engine. 
When in operation the (mtire mechanism is returned 
to its normal position at the termination of the inner 
stroke of the engine at each revolution, by the action 
of the spring inside the paper drum of the indicator. 
When ready to operate, and just before engaging the 
clutch by means of swivel collar U, the knurled disc 
on top should be turned around slightly to advance 
the i)ai)er drum of the indicator sulliciently to avoid 
the drum striking against its stop ui)on its return 
motion. 

Drum Stop Attachment. — This attachment is 
shown in Fig. 1, and is for the puri)ose of starting and 
stopping the indicator paper drum at all times without 
unhooking the actuating cord. It consists of an arm 
attached to a j)art of the indicator by a screw. A 
slide is adjustable on the arm, and upon it is mounted 
a cord pull(\v for directing the actuating cord around 
the i)ai)(T drum of the indicator. Said slide can be 
instantly s(H*ured in any desired position on the arm 
by the thumb nut and washer. 

The manner of connecting and operating the 
attachment is as follows: The actuating cord from 
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any ordinary form of reducing motion connected with 
the engine is passed around the cord pulley, thence on 
the paper drum of the indicator. When the sUde is at 
its inner position no motion will be transmitted to the 
paper drum, but by taking hold of the thumb nut and 
moving the slide outward on the arm, it will cauise the 
paper drum to rotate back and fortli in the usual way 
while taking a card. At any convenient position on 
the actuating cord there L uperposed a rubber band 
for the purpose of tai:cing car of any slack in the cord 
when the slide is at its extreme inner position and 
paper drum at rest, thus avoiding any unhooking 
of the actuating cord during the time of operating the 
indicator in making tests. 

Electric Attachment. — In making complete and 
reliable tests of steam power from any and all classes 
of (mgines, wherever it is necessary to use two or more 
indicators for the purpose, it requires some convenient 
and rapid means of operating them so that all cards 
taken at any particular stroke 6f the engine will 
commence and leave off in the same interval of time. ' 
The cut represents a simple electrical attachment asit 
is applied to the Tabor indicator for this purpcxse to 
enable the operator to produce diagranous from one or 
more indicators simultaneously during the same 
stroke of the engines, and from any number of cylin- 
ders by simply pressing a button arranged to close 
the electrical circuit. 

The attachment consists of a magnet support S, 
which is clamped to the body of the indicator and held 
in place by the set-screw E. A magnet M is secured 
to the support, .also binding screws C and spring D. 
An armature 4 is mounted on the rod B, and adjusted 
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to coincide with the magnet M, and then secured to the 
rod D by the small set-screw in the armature for that 
purpose. The rod D is screwed into the upright on 
the swivel plate of the indicator, and any movement of 
the armature A produces a similar movement of the 
pencil toward or from the paper drum. The spring D 




is for tlie jmrposc of holdiiis the armature within the 
lii^ld of Ihe magnet iK-fore the current is established, 
and also to quiekly release it when the current from 
the liiitlery is broken. 

Tlie improved device is easily attached to or- 
detached from tlie indicator in a few seconds. By 
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removing the cap that supports the pencil movement 
of the indicator and slackening the set-screw E of the 
support S, the attachment is readily removed. Its 
connection with the indicator does not in any way 
interfere with the usual speedy and convenient means 
of adjusting the diagram paper to, or removing it 
from, the paper holding drum, or the changing of a 
spring in tl)e instrument. It can be used on either 
right-hand or left-hand indicators with equal facility 
by reversing the magnet support S and the magnet M, 
the latter being secured to its supporting shelf by two 
small screws. Any one of the well-known batteries in 
the market (either dry or liquid) will be ample to 
operate asingle indicator where the circuit is short. 

THE THOMPSON STEAM ENGINE INDICATOR. 

The original Thomp- 
son indicator wjls pat- 
ented in 187.'i, but has 
been considerably im- 
proved ujH)n from time 
to time. 

The radical improve- 
ments, as made in the 
old style Thompson 
indicator, consist of 
lightening the moving 
parts, substituting 
steel screws in placx! 
of taper |)ins, using a 
very light steel link in- 
stead of a largo brass 
one, reducing the j.^. ,. TheXhumpsoD indicator. 
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weight of the i;piiril lever, also weight of squares 
oil trunk of pisloii juid lock-nut on end of spindle, 
juid incrcasinf? ihe Ixsaring on connection of 
[jaraUel motion. IJy shortening the length and 
reducing the actual weight of the paper cylinder 
just one half, and hy shortening the kiaring on 
spindle, also lowering the spring rasing to a nearer 




plane to thai in which ilie cord runs, the momentum 
of llie |Miper c.vliiider has hccn reduced loa very small 
amount. All of lliese impro\enients have lessened 
the anuuint of frictioii, which was heretofore very 
small, liut is now riHiuceil toa rniriinuim; and further- 
niore, tlie\ 1<'iid to improve, on the whole, an instru- 
ment whose itrinciplc has always been of undoubt«i 
corraliiess. 
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READING INDICATOR DIAGRAMS. 

While the diagram is solely a graphic representa- 
tion of the pressure in the cylinder, and only one side 
of the cylinder, still hy a knowledge of the various 
oi)erations of the locomotive slide valve much valuable 
information is gained. 

In the diagram, Fig. 1, the line D D is the atmos- 
pheric line, and is made by setting the indicator drum 
in motion when there is no connection opep between the 
locomotive cylinder and the indicator piston. The 
pressures indicated by lines above and below this Une 
from which measurements are taken are those above 




or below atmospheric pressure. The line V V is the 
zero line fourteen and seven-tenths pounds below line 
D D, and drawn by hand after the card is taken. A C 
is the "admission line." Steam is first admitted to the 
cylinder at C, hence that is called the **point of admis- 
sion/' A li is the "steam line." B is the **point of 
cut off," after which the pressure in the cyUiider drops 
in expanding; hence, B E is the **expansion line." 
At point PJ the exhaust port begins to open and is thus 
called the "j)oint of initial exhaust," or **point of 
release." The exhaust continues to the end of the 
stroke at A . A V^ is the Une of **back pressure." The 
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exhaust port closes at Y and compression b^ns, 
Y C being the compression line. 

The slightest irregularities in the steam distribu- 
tion of a valve may thus be readily detected by taking 
an indicator card at a not too great speed. 

It is customary to take an indicator diagram from 
each end of the cylinder, upon the same card. The 
taking of the second card follows the first as quickly 
as the three-way cock can be moved. Having the 
two indications on one card enables the variations 
between the steam distribution in the two ends of the 
cylinder to be readily detected. 




The diagram, Fig. 2, shows unequal steam distri- 
bution in the two ends of the cyhnder. Looking at 
card H wo can see that the exhaust port closes too 
early and (compression exceeds the steam chest pres- 
sure^ (as shown by the loop), which causes the valve 
to raise off its seat. This card of itself would indi- 
('alo too great inside lap, but by noting card O it is 
se(Mi that tlien^ is no compression at the other end of 
the cylinder. Ilonco before any change is made the 
blades should be adjusted to equalize the two cards. 
It is al\va> s advisable to e([ualize the distribution in 
both ends of the cylinder before altering the eccen- 
trics or the valve itself. 
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THE BOYER SPEED RECORDER. 

The principal parts of this machine consist of a 
rotary pump, a cylinder and a piston. Oil is used as a 
circulating medium, the pump chambers and cylinder 
being entirely filled. While the machine is at rest 
the piston to which the gauge wire and pencil are 
attached is retained ill its lowest position by two coil 
springs, but when given motion the pump produces a 
pressure of oil beneath the piston, causing it to rise to 
a point where an equilibrium is established between 
the pressure of oil and the tension of the springs, this 
point being determined by the speed at which the 
pump is moved — each thirty-second of an inch rise of 
the piston indicating a speed of one mile per hour. 
Moving around a drum in the upper part of the ma- 
chine, at the rate of one-half inch to the mile, is a 
ribbon of paper, having thereon horizontal and per- 
pendicular lines, each horizontal line from the base or 
z(^ro line representing five miles per hour, and each 
I)erpendicular line a mile post along the road. 

If the locomotive is moving at the rate of twenty 
miles per hour the pencil will trace its mark on the 
fourth line from the base or zero; and for every mile 
traveled the paper will move under the pencil one-half 
inch, or the exact distance from one perpendicular 
line to another. 

By examining the chart, the exact speed at which 
the train passed any point on the road, the number 
and location of stops, the distance, speed and location 
of any backward movement that may have been 
made, can be determined at a glance. 

In the cab of the locomotive, in view of the eng^eeri ' 
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is placed a gauge similar in appearance to a steam 
gauge, the iifodle of which points to the number of 
miles per hour tho locomotive is moving. This is 
connected to the piston of the machine by a small wire 




cndost'd in a onccighlh inch gas pipe. This pipe 
runs straiglit, except where necessary to make a 
distinct bend, when an elbow of suitable angle, coit- 
1.;) ill i ng a shea\e for the wire to run ovor, is Inserted. 
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The recorder can be placed in a special car or 
caboose when desired. 

The size of recorder is nine inches long, seven and 
one-half inches wide and nine and one-fourth inches 
high. All the parts are made with the greatest accu- 
racy, and are interchangeable. 

Every machine is set up at the factory and accu- 
rately adjusted up to ninety milas per hour. 

The charts are wound on wooden spools, and are 
made in various lengths up to one thousand miles. 

If the record(T is properly applied, the chart will 
show the ac^tual mileage made, as well as the speed 
at all points on the run. 

Application of recorder. — In applying a Bojer 
speed recorder to a locomotive with a four wheel 
truck, it should be bolted on the frame over the 
rear-truck axki, with wheel inward. It is usually 
necessary to bolt a plate of iron on the frame and to 
set the re(^ord(5r on that in order to get it far enough in 
for the belt to i)ass the truck-box. The pulley to 
(lriv(3 the machine should be clamped on the axle, in 
Viui) with the machine pulley. 

This pulley is in two pieces, with a liner between at 
one side, and should be bonnl to fit loosely on the 
turned part of the axle, and when clamped around the 
axle, th(* liiKT should be left out. 

When n(K'(\ssary to mo\(> the pulley along the axle 
there nc^ed l)e only one l)(>lt looseninl. 

In applying recorder to an engine with a pony 
tru(rk, a disc of suitable diameter, with groove in edge 
for the l)elt, should l)e fasten(Ml to the end of the axle, 
wilh a ca ) screw in center. The recorder, in this case, 
ma\' be j)laced on the wheel-guard. 
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After the machine has been secured in position, 
place the gauge in the cab where it may be easily seen 
by the engineer. (It may be fastened on the same 
bracket that holds the steam-gauge.) 

Before the gauge can be fastened it is necessary to 
remove the dial, in order to put the screws for fasten- 
ing through the countersunk holes in back. 

(The dial can be removed from the gauge by loosen- 
ing the screws and turning it around until the not^h 
will pass one of the screw heads.) 

After fastening the gauge, run a one-eighth-inch 
gas pipe from it to the recorder. Get it straight as 
possible, using the elbows containing sheaves 
wherever necessary. The pipe may be carried along 
directly under the hand rail and firmly secured thereto 
by clamps or fastened on the running-board. 

Before the pipe is screwcxl together there should be a 
thread or small cord passcMl through each piece, the 
ends tied together and drawn in. After the pipe, 
recorder and gauge are in position, the needle of the 
gauge should be connected with the machine by 
means of the fine phosphor-bronze wire accompanying 
the rocord(T. Take a pie(*e of this wire, long enough 
to make the connection, with about fifteen inches of 
silk cord attac-hed to one end and stretch the wire 
about four per (*(^nl.; attach the silk cord to the thread, 
which is in tlie pipe at tlie gauge, and draw the wire 
through, being careful not to get it kinked. 

Place the loop in end of cord on the cross-head hook 
after })assing under the small sheave in the front of 
machine; then pass^thc^ wire around sheave in the 
gauge out through the notch at the side and around 
the small screw; then turn the sheave to the left about 
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half an inch so as to bring tension on the wire, and 
fasten the end by tightening down the screw, around 
which the wire is drawn. This done, take the silk 
cord from the hook on the recorder, move it up and 
down, and if it moves perfectly free return it to the 
hook, then put the hand on the gauge with the point at 
zero. 

It will be well to note the manner in which the tem- 
porary piece of wire is attached to gauge, which is left 
there for the pur})Ose of showing the mode of fastening 
and should be removed before attaching the perma- 
nent wire. 

It is very important to have the inside of the pipe 
free from loose scale and dirt, as it may lodge in the 
ells and prevent the free movement of the sheaves. 

In replacing the dial, zero can be placed at lowest 
point and the head put on to suit. 

If, after the recorder has been run for a time, and the 
hand does not come to zero when the machine is at 
rest, the hand should be taken off and placed right 
without disturbing the wire. 

When not convenient to put the machine on frame 
of engine, it may be placed in front of the cylinder and 
power taken from a thin pulley screwed on the end of 
lli(* front axk* outside of wheel — the same as on engine 
with pony truck. 

The recorder when put in a car is usually placed on 
th(^ door, the gauge at a convenient height to be seen, 
and the belt run down through the floor to the pulley 
on the axl(\ In this case the belt and recorder pulley 
should 1)(* boxed on the inside of the car to prevent dust 
from coming up. 

it is usually found necessary to place the machine 
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within cig.itcen inches of the center of the car, so as to 
get the belt around the axle inside of the truck tim- 
bers. The recorder may be placed just behind the 
door, almost against the end of the car, allowing 
enough space to open the case. 

If it is more convenient to have the pulley on the 
opposite side of machine, as in case of its application 
to engine with pony truck, it can be so placed by 
removing the spool plate and loosening the set screw 
that holds the clutch in center of shaft, then remove 
the shaft and end bearings and reverse them. The 

Fia.a " runs is varied, by mo\^ 

RecorderP^ulley-Boyer Speed j^^^ ^j^^ ^^^^^ ^^ ^^ ^^^^ 

the main part. This adjustment is enough to allow 
for a change of about three inches in the diameter of 
a car wheel. 

The bell shoukl be coupled by means of the plyers 
furnish(Hl, similar to the manner in which the coujv 
ling is fastened in one end of the belt sent with the 
HH-ordcr. 

Cut the belt of such a length that it will require 
stretching about (ught per cent, to jmt it in place. . 

SpmliiKj. — The pulle\ on recorder should make six 
hundred re\ olutions ])er mile. The diameter of this 
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pulley is determined by dividing 63,360 (the number 
of inches in a mile) by the circumference of the car 
wheel in inches, which gives the number of revolu- 
tions of the car wheel per mile; this result, multiplied 
by the circumference of the axle pulley in inches 
and the product divided by 600, will give the 
circumference of the adjustable pulley on the 
recorder. 

Example. — Suppose the wheel be 94 inches in 
circumference and the axle pulley ITj^ inches in 
circumference, then 63,360 in. -:- 94 in. X 17% in. 
-J- 600 =: 19.66 inches, the circumference of recorder 
pulley. 

To set this pulley to the proper size, take a piece of 
wire belt the exact length the circumference should be, 
and adjust the flange of the pulley by raising the 
latch and turning it until the ends of the piece of belt 
w hen passed around will just meet. Be careful not to 
stretch the belt in measuring. The axle pulley 
should be measured the same way. (It would be 
well to measure the axle pulley before putting on 
axle.) 

To ascertain the circumference of the car wheel, a 
steel tape, or, in the absence of this, a piece of gauge 
wire may be us(xl, the size being taken at the bearing 
point of the wheel. 

Jf tlu* measuring of these wheels is carefully done, 

, th(^ record will show a mileage of within one percent, 

of tlu* actual distance traveled, and this discrepanc^y 

can be rectified by a final adjustment of the recorder 

pulley. 

Care of recorder, — ^^fo fill the machine, Uft it out of 
the case and remo\ e the lower spool-plate, which is 
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fastened by a srrew in the renter belwet*n the spool 
spindles. The filler hole will l)e found directly bark 
of the drum, j)lugKed l)y a largc^headed screw; 
removf- this and fill from the can of circulating oil 
ar('omj)anyinjz: the machine. The si)out of oil-can 
should Ih» scn»\v(Hl on loosely, so as to admit air to the 
ran while pouring therefrom. Sen* that the spoul is 
cl(*an, and no dirt gels in the machine. 

\Vh(»n the machine is filUnl to overflow the oil will 
aj)j)<»ar in the bottom of the worm-wheel chambers, 
and this excess will run out through holes at either 
sid(*. 

It is important to have the machine entirely filled, 
and to insun* this the wheel should l)e turned while 
the oil is IxMng poun^l. After the oil appears in the 
bottom of the worm wheel chambers, the wheel should 
b(» turned vigorously for a moment to churn out the air 
which ma.\' 1x5 in the machine, after which it will take 
more* oil. 

A small (luantity of oil should be added every six 
months to replace^ any that may have evaporated; 
Ixvauso, aftcT a l(»ngth of time, should the oil get 
b: low a (-(Ttain line in the pump chamber, the machine 
will record low. 

In replacing th(* machine^ in the case, l)e careful and 
k(H*|) it as near level as possible, so, as not to spill 
the oil. 

Worm wlie(»ls, shaft and bearings should be cleaned 
about (»\(Ty six months. 

'J'h(* iiitiTior of th(^ recordcT should not be disturbed, 
as it is im|)()rtant t!:at the joints remain sealed. 

Description and care of oiler.- The inner part of 
the pa])cr drum is arranged to contain . lubricating 
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oil, and also to gradually feed it to the workinpj parts 
as the machine moves. The construction is this: 

A small tube J-.'J passes through the bottom of the 
drum and extends half way up on the inside, to which 
jwint the drum is filled with oil. The space abcve the 
oil line contains a plunger J-l, which is gradually 
lowered by the slow mo\"ement of a screw J-5, the 
latter being operated through a ratchet J-7, from an 




Bcrentricon the upper end of the stcUionary shaft /-2, 
around vvliic:h the tirum revolves. The plunger does 
not force tht' oil, it simply displaces and keeps it high 
enough to run into the top end of and out through the 
iu1h\ When the plunger slops moving the flow of oil 
ceases. 

To fill (he oiler. — Remove the cover by taking out 
itie four scrrews in the top, then take oil the yoke 
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JS that operates the ratchet wheel J-7. Turn the 
ratchet wheel to the right until the plunger within 
is drawn to the top, when the wheel will stop turn- 
ing; next, pour the full contents of the bottle of 
luhricating oil furnished into the large hole. The 
spout of the circulating oikan will serve as a funnel. 
When the oiler is filled raiscv it out of its position so 
that the small lulx- J-'A, out of which the oil flows, can . 
be seen; then slowly turn the ratchet wheel in the 
direction that it will be driv- 
en (to the left) until the oil 
starts to flow from the lower 
end of the tube; then return 
the oiler to position, put on 
the yoke, right 
iside up, and 
screw the co^cr 
on. 
\\ In i] ihe oiler is filled and 
till |)lunt,'erinitshighesl[)o- 
siiion ii will require a run of 
<iliL>ui lifty thousand miles 
recoil Mcch«ni':;,;'i,„.v.r s,.«.i '" exhaust the supply of oil. 
iie<>..r.i.'r. At ihls time the plunger will 

baM' run olT llic lower end of the screw and will be 
in il.s Idwcsl iiosilion. In order to again raise the 
pliriiKfT it will Im- nece.ssar\ to remove the oiler from 
tlie niacliine and invert it, so as lo start the screw 
inio the ])lungcr, to rai.se it, preparatory to refilling. 
It would pnihahly be In-st to refill the oiler every 
.six nionilis, ihi-reln insuring the mechanism against 
failure from want of lubrication. 
The jK'iicil.—'Vht} pencil is brass wire and when in 
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good condition makes a distinct line on the prepared 
surface of the paper. It is held by friction and 
forced against the paper by a spring within the holder. 
The pencil should project far enough through the 
disc on the end of the holder to bear with sufficient 
pressure on the paper to make a line. Should it pro- 
je(-t too far through, it will withhokl the disc from 
contact with the pai)er and will not revolve, which is 
necessary in order to get a clear line. 

To be sure that the pencil is properly adjusted, 
withdraw the operating lever enough to remove the 
gripping rolls from contact with the paper, but not 
enough to n^nove the pencil, then turn one of the 
pa|)er spools so as to draw the paper under the pencil; 
if it is cor redly adjusted the pencil will revolve and 
make a clear line. 

Should the pencil not mark distinctly it can be 
improvedbyslightly roundingtheendon a smooth file, 
em(Ty or sand pa|)er. The pencil is soft and easily 
bent, but (*an readily be straightened by rolling 
between two Hat surfaces of wood or iron. It should 
be straight as possible in order to enable the spring 
to hold it against the paper. 

To put on the paper, — Loosen the end of the paper 
and start it on the empty spool by putting the end 
into th(* saw cut in the direction that it will not easily 
coim^ out; wind two or three turns of the j)aper 
around the s|)0()l, then swing out the operating lever 
as far as it will go, which will remove the gripping 
rolls and p(*ncil from the |)aper drum and place the 
pap(T around the drum, putting the two spools of 
)ap(T on the spindles, with the supply on the left- 
land s|)in(lle, when facing the direction the loco 
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motive or car is to move, then return the operating 
lever to its former ])osition. 
Axle pulley required for application of recorder ona 




li„ViT Siiffii Hwunipr as Aj.tilLp.l to a Passenger C«r. 

car should Ik- split hikI sciurtHi and adjusted to posi- 
lion oil llic iixic by niciiiis of six set screws dividing 
the circuuilVrciice into Uiirds, disiiosed iu pairs. 
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The bore or inner surface of pulley need not be 
turned out, but should be large enough to clear the 
rough surface of axle at all points. The length of 
bore should be about four inches. 

LocoMOTivr; revolution counter.- 

The accompanying cut illustrates the Crosby loco- 
motive counter. It is designed particularly for use on 
locomotives and high-s[)eed engines, and is a valuable 




Crumby Luroinclii-c Counter. 

auxiliary to the steam engine indicator. The arm 
which moves the ratchet is connected by a cord with 
some n'ci|)ro(aling part of llie engine, or with the 
drum motion of the indicator, so a-s to give it about 
one and oiR'-iialf iiK-hes swing back and forth during 
each revolution of the shaft. It is provided with a 
coiixeiiient starling and stopping device, so that it 
ran 1h' rnaiir to begin or .stop counting at any instant 
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tenders in this country equipped with a plate coupler 
like that shown in the accompanying engravii^, or 
quite similar thereto. The coupler here shown is 
pivoted on the outside of the end sill of the tank by a 
concentric pin, which gives to it the same circular 
jiath it would have if it were piloted four feet liaclv 
from head, thus (lermittinn it to have the rc<|uired 
three-fourths inch side play without the liability of 
uncoupling. When tension is put upon it, it centers 
itself in line of "draft and conforms to all the move- 
ments of the ser\"ice. This form of coupler is also 
mjide with an elliptic buffing spring. 

On locomoti\es engaged in switching ser\irc only, 
this form of plate coupler is attached u> the front 
timlx^r and the pilot, usual with road engineM, omitted. 

COUPLER EMERGENCY KNUCKLE. 
The M. C. B. automatic draw bar has come into 
general use on American railroads, and its adoption 
hfis greatly increased the safety and facility of train 
handling; but the i>arts of the draw l>ar, the knuckle 
and lock, necessarily gi\e way in service from wear 
and tear, and cause trouble by reason of trains part- 
ing. When this occurs, if there is a spare knuckle or 
locking part at hand to replace the defective one, there 
is little d(Jay in moving the train. But usually the 
spare part is missing, l)ecause it is hardly practicable 
to c^rry the assortment necessary to insure having the 
one wanted, there being about ninety different types 
of draw bars in use. In case the piece is missing, a 
link and pin or chain is used, and this means a very 
unsafe and unsatisfactory connection, and probable 
injury to draft rigging. 



424 LOCOMOTIVE APPUANCE8. 

The Gilman-Brown emergency knuckle, as shown 
by Fig. 1, will go into ninety-five per cent, of the draw 
bars in service and make a rigid coupler, into which 
any automatic coupler will lock securely if in good 
order. By simply removing or raising the locking 
pin or locking parts and inserting this emergencj' 
knuckle, replacing the knuckle pin, which is seldom 
injured, a safe and complete connection is assured 




The chances are ciiortnously in favor of the emer- 
gency Unng siifely and siitisfactorily met if there is 
one ol ihcHC knuckles close at hand. 

It is (^sst^ntially a repair tool which could well be 
(^jiisiihTCil j)art of Ihc (Mjuipment of every freight 
engine, switch engine and way car, as it is a practical 
aiui e<on(nnical insurance jigainst delay on the road 
in consetiueuce of defective knuckle or locking parts. 



CAST STEEL FOR LOCOMOTIVE PARTS. 

The use of cast steel in place of wrought or cast iron 
is of tjuile modern practice. The object accomplished 
thereby is a reduction of cost over wrought iron and a 
lightening and strengthening of parts formerly con- 
•structed of cast iron. 

The first locomotive parts to be made of cast steel 
were the centers of driving wheels. As cast steel is 
ordinarily considered about three times as strong as 
cast iron, the section of all parts of the wheel center 




Hidlow Cs9t Stwl Cross-Head for 4-Bar Cuides. 

was thus safely retluced, making them more symmet- 
rical, lighter, and still much stronger. 

The weight on driving wheels being such a govern- 
ing factor in determining the size and design of new 
locomotives, this practice of efTecting a reduction of 
from two thousand to three thousand pounds in the 
driving wheels of a locomotive, and permitting the 
same weight to be ad{led to the boiler, is a very impor- 
tant one in American practice. 
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Subsequently the substitution of cast steel for 
wrought iron in locomotive cross-heads came into 




Solid Cast Steel Cro-ss-Hend tor 4-Bar Guidea. 

quite pceneral practice. Figs. 1 and 2 show hollow 
and soUd cast steel cross-heads for four-bar guides. 
I'^ig. 3 is a cast steel cross-head for two-bar guides. 




These can b( madt ligluertlian wrought iron cross- 
Iieads, are less liable to flaws in llieir manufacture, 
and are inucli less in (irst c(xst. 
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Fip;. •} shows another subsUtution of cast steel for 
wrouftht iron in the rocker arm. (For tlie location of 
Ihr rorkcr arm .see ])lale "American Steam Locomo- 
li\r," part nuinlxTetl 116.) 

Unlil (inile recently all locomotive driving boxes 
were made of ca-st iron. Although they wore of very 
great weight and thickness, their breakage was of 
frequent occurrence. I^ig. 5 shows a light driving 




Cast Steel Rocker Arm, Cast 8t«el Dri 

Ixix made of aust steel, thereby reducing considerable 
unnecessary weight from Ihe driving wheels. 

Many locomotive parts formerly made of wrought 
iron, malleable iron and brass are now cast of steel, 
['erhaps ihe most notable of these are the engine 
frames, which have been found to give excellent 
sali.sfaclion, and at a saving of from three to four 
cenis a iwund effected by the lime they are ready to 
put into the engine, 



HEATIXG ENGINE HOUSES. 

It has ham a lonj? established practice to heat 
engine houses by steam. The coils of pipe are 
securely fastened to the sides of the pits of each "stair 
or roundhouse track. A supply pipe leads around the 
house, in a trench at one end or the other of the pits, 
and each coil of pit pipes is connected thereto with a 
shut-off valve interveninji;. 

This location of heating pipes not only is econom- 
ical of wall and floor space in the engine house, but 
also causes the. greatest h(^at directly below the loco- 
raotives, a mattcT of great advantcige in cold climates 
where (Migin(>s come in all covered with snow and ice, 
w^hicli must be thawed off before a thorough inspec- 
tion can be made, the necessary work done, and the 
various parts properly oiled for the next trip. 

It is considered good practice to use at least two-inch 
pipe in the pit coils, so that wherever possible to use 
exhaust st(*am for this heating it can be done with the 
least back pressure possible. 

If the shops are located near the engine house, the 
exhaust steam from the stationary engine, sti^am 
pumps, and air pumps or compressors, should be 
utiUzed for heating the roundhouse. 

Hot Air Ileatiiuj for Engine Houses. — As the 
adaptation for roundhouses of the Sturtevant system 
of hot air heating is (piite recent, a description of this 
method of heating, as installed in the roundhouse of 
the Chicago & Northwestern R'y, at Clinton, Iowa 
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(probabl>' llie largest Piigiiie house in the world), pre- 
scnlsan imercstirig study 




The houbi. is three hundred and seventy-five feet in 
outside diameter the interior circle being two huad red 
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and twehe feet in (liHrneter. The inside cl(*aranre 
l)(*t\veen walls is eigiity-one feet and six inches, and 
l)r()vision is made for forty-eight stalls, or, includinf; 
entrance and exit, fifty. As tlie length of the longest 
locomotive, at the time this house was built, was 
sixty-two f(M*t eight and one-half inches, ample space 
Wcis thus left around either end of the engine. 

In selecting the system of heating the desirability 
was recognized of combining both the means of 
maintaining proper temperature in the building and 
of rapidly meeting snow and ice from the locomotives • 
during the winter season. Ui)on the rapidity with 
which the latter process can be accomi)lished must of 
course depcMid the length of time during which a 
locomoti\ (5 must remain out of service. 

As most effectually combining the advantages 
recpiircHl to meet these conditions, the Sturtevant 
blower system of combined heating and ventilation 
was selected and installed in accordance with the 
plans and elevation shown in the accompanying 
engraving. 

Lo(*atecl outside of the house, and filling the space 
bdwec^n it and the nearl)\ machine shop and store 
room, is tlu^ apparatus, consisting of a stc*el plate fan- 
wluM*! tweh (* feel in diamettT, enclosed in a steel plate 
housing with upward discharge. To the fan shaft an 
(*l(*\(*u and one half by sixte(Mi horiz(mtal engine is 
(lir(H-il> connected. This arrangement makes it 
|)()ssil)l(* to ()|)(Taie lh(* fan at any desired speed, and 
with (MUire independtMiceof any other source of motive 

p0W(T. 

Tli(* air is, 1)\' uKvins of the fan, drawn through a 
hctitcr lia\ing a ca])acii}' of twenty thousand lineal 
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foot of one-inch pipe built of sections in three groups 
ami enclosed in a steel plate casing, rendering the 
apparatus at once fire-proof and directing the current 
of air to the fan under whose action it moves. 

Passing upward from the fan, the air enters a large 
horizontal galvanized iron duct, which extends to a 
position midway between the inner and outer circum- 
ferences of the engine house, and there branches into 
separate pipes extending in either direction entirely 
around the house until they meet at the opposite end 
of the same diameter. Being carried overhead, they 
in no wise encroach upon valuable space. 

Distribution of air is secured through branching 
pipes, which are led downward along the sides of the 
vertical posts and branch beneath the ground level, so 
as to connect with the pipes extending to the pits upon 
either side. The vertical pipes, fitting closely to the 
posts as they do, are protect(xl from injury, and do not 
occupy effective floor space. Just above the floor line 
each is provided with a slide damper, as shown, by 
means of which heated air may be admitted to the 
building. There being over fifty of these branch 
pipes w ith these openings, it is evident that the circu- 
lation of air is all that can be desired. 

E'di-h branch pii)e to a pit is provided with a damper 
o[)orated from floor level, so that air may be locally 
discharged in large volumes. The result is that an 
excessive amount of hot air is delivered to the pit and 
rises e\only across the running gear of the locomo- 
tives. The high t(^mi)erature rapidly melts the snow 
and ice, while the air, with the greediness due to high 
temperature, rapidly absorbs all moisture and carries 

it away. A hot, dry condition is therefore assured, 
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and the time (luring which a locomotive must be kept 
out of service is usually reduced by fully two-thirds— 
a most imi)ortant feature in locomotive i)ractice. 

It is also evident that the large volume of air 
admitted plays an important part in the proa^s of 
ventilation. Individual roof ventilators are provided 
for every other stall, thus insuring positive upward 
movement of air from floor level and its escai)e when 
its duty is comi)leted. 

One of the most essential advantages of this method 
of heating lies in the fact that the entire heating sur- 
face (far less than would be required for direct heating) 
is massed in a (ire-proof casing in the adjoining build- 
ing. The volume and temperature of the air is imme- 
diately under the control of a single individual, while 
local nHjuirements can be met by the adjustment of 
dampers, as shown and described. The exhaust 
steam from the fan engine is utilized in the heater, so 
that the (ust of operating the fan is greatly reduced. 
Live steam is supplied to the remainder of the heater. 
It is, however, customary in ordinary mill practice 
where there is ample (juantity of exhaust steam to 
utilize it in the heater, as can always be readily done 
without producing back pressure on the main engine. 

SMOKi: JACKS FOR ]^:NGINE HOUSES. 

Although of comparatively recent adoption, there 
are but few engine houses of any imi)ortance not now 
e(iuipped with some form of Mrop" jack; that is, with 
t(4(\scope pi])e which permits its being lowered to 
(•()mi)letely cover the locomotive stack. If properly 
constructed, such a jack not only prevents the escape 
of all smoke and gases into the engine house and 
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loromotive cab, but also increases the natural draft 
and i>r(*vents cn^osoii* or drippings from falling on the 
front (»nd and h(»adlighl. 

ProjK^r ins{)oclion and re{>air work cannot l)e acconi- 
j)lish(Hl on loromoti\ t»s whore the engine housi* is so 
full of smoke and noxious gases, as was often the ease 
with the old form of stationary non-dropping smoke 
jacks. 

Th(^ smoke jack should also be provided with a 
dampcT, so that the draft may be shut off when an 
(»ngine is without fire, for a strong draft at such times 
I)nKluces a sudden cooling of the flues, flue sheet and 
lire box, and often causes them to leak. 

Th(? accomi)anying engraving shows one design of 
t(*](*scoping smoke jack. 

It will be seen that the telescope portion is counter- 
balanced by suitable weights hung near the wall. 
Th(j darnpcT is located just above the ball-bearing 
hood, which (its tightly into the locomotive stack. 
Th(* smok(» jack here shown has a swinging joint, so 
that no breakage could occur by moving the engine 
from under it without first raising the jack. 

By an ingc^nious arrangem(*nt the damper is auto- 
matically cIosihI wluMiever the jack is raised, thus 
sa\ ing h(vU in the round house which would otherwise 
esca])e through the jack. 



LOCOMOTIVE FIRE KINDLERS. 

The Ferguson locomotive fire kindlcr consists 
rasontially of a tank to contain oil, a hose coupling 
for rontiection with the compressed air system or with 
the main reservoir of another locomotive, a hose 
tcrminatint^ in a nozzle for spraying the mingled oil 
and air, and a \alvc for controlling the relative pro- 



portions of oil and air. The tank is most conveniently 
mounted on a truck, hy which means it may be easily 
removed from one part of the roundhouse to another. 

Tlie valve is (he |)rinri|)al feature of novelty. Turn- 
ing the cock regulale,s the pro|)ortions of air and oil 
admitted into the tube. Turned one way, air alone 
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passes through and oil adhering to the inside of the 
hose is removed. 

The tank holds twenty-five gallons of oil, which is 
sufficient to kindle fires inf orty engines, on an average. 
About fifteen minutes of one man's time and three 
quarts of cheapest crude oil are required to start a fire. 
The kindler is very easy to operate. The nozzle, 
which is at the end of a long tube, and to which is 
attached a small piece of lighted waste, is thrust into 
the ash-pan, and the flame passes up through the fuel 
previously placed upon the grates until it is wholly 
ignited. 

The same apparatus can also be used as a blow- 
pipe for heating tires, straightening frames or other 
bent work that may require removal and which ordi- 
narily has to be sent to the blacksmith shop to be 
straightened. 



LOCOMOTIVE JACK SCREWS AND POWER 

HOISTS. 

The enormous increase in the weight of locomotives 
and tcmders has naturally been followed by very' 
powerful and edicient jacks, which are required for the 
purpose of Ufling the engine itself or some of its parts. 

No one knows as well as the old railway mechanic 
and his helper the vast amount of time expended every 
day in raising and lowering even the lighter engines 
of his day, while with a good set of either geared or 
hydraulic jacks the heaviest locomotive can be raised 
a foot in less than a minute and a half, and again 
lowered with equal or greater celerity. 

Before illustrating and describing several forms 
and designs of jacks now in general use on American 
railroads, and here mentioned on account of their 
especial adaj)talion to locomotive requirements, it 
would be well to say that no jack, be it ever so power- 
ful, can render ellicient service unless it has a firm, 
unyielding foundation to stand upon. Hence great 
care should be exercised in the design and construc- 
tion of a stone or concrete wall on each side of every 
track in engine houses. 

To the uninitiated, let it be said that one or more 
jacks must bc^ used every time* it is ne(*essary to pack a 
journal, change a si)ring, spring hanger or equalizer, 
HMUOve a pair of wheels, or change the driving wheel 
tires, etc. Thus, there is scarcely a day but what 
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from some cause some part or the whole of an engine 
or tender must be raised. 

Fig. 1 shows a screw jack with the bottom end 
enclosed, forming an oil receptacle. The screw being 
thus lubricated and protected, does not become rustt^d 
and is always ready for servic(\ As two or more 
screw jacks are usually carried on every locomotive 





for instant use in case of break-down on the road, and 
unless tlie screw portion is properly protected, they 
soon rust and become unfit for service. 

Fig. Z shows a double mo\"ement screw jack, which 
lifts twice as rapidly as a single screw, and, it is 
claimed, requires no more power on account of there 
iH'ing 110 friclioii under the cap, as in the case of the 
latter. 
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The rapid moving Jack shown in Fig. 3 is so called 
because, when the load is off, it can be raised immedi- 
ately to any desired point, and when up can be as 
quickly let down, thus saving the tedious operation of 
turning the screw up and down without load. The 
two segmental nuts are supported on steel pins 
moving in angular slots, so as to allow them to move 
in and out of gear. To raise the screw to any desired 
height for work, it is only necessary to lift it by taking 





Joyce Rapid Moving 

hold of the lever. To lower it take hold of one of the 
handles with the left hand, and inclining the jack to 
an angle of about forty-five d^rees, with the other 
hand holding the lever, let the screw down. 

The jack shown in Fig. 4 has a stationary standard 
and a sliding sleeve fitting over the same. The 
sl^indard has a removable nut (usually phosphor- 
bron/.(^) fitted within it and resting on a shoulder, in 
which the screw turns. The standards are bollowand 
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can be filled with oil, thus keeping the screw con- 
stantly lubricated. To the upper end of the screw is 
fastened a steel gear; a hardened tool steel plate 
encircles the hub, and rests on the body of said gear, 
on which are placed circular trains of hardened steel 
balls, held in place by rings between the rows (as 
shown in the cut). In the top or head of the sliding 
sleeve, which is bored to fit standards, is plac^ 
another hardimed tool steel plate with a hole in the 
center, through which the end of the screw projects. 

When the jack is assembled the sleeve slides down 
over the screw and standard, the bearing plate in the 
head resting on the balls on the plate on the gear, so 
that the whole weight is carried by the balls (between 
the steel plates), which act as a thrust-bearing 
between the screw and head of sleeve, reducing the 
friction and increasing the lifting power of the jack. 

The sleeve which revolves on the standard, allowing 
the lever to be used from either side, carries the load, 
and is raised or lowered by the screw, which is turned 
by means of a gear on the ratchet shaft engaging with 
the gear on the screw, and operated by a reversible 
ratchet and lever having the up-and-down, or "pump- 
handle," motion. The sleeve at the lower end is 
provided with a "stop-dog" or pawl,, which prevents 
the screw from being run out of the nut. This sliding 
sleeve takes all the side strain off the screw, prevent- 
ing it from bending, and also protecting all the work- 
ing parts from sand, coal-dirt and water, making it an 
efficient jack for carrying on locomotives or for use in 
engine houses. 

Fig. 5 gives a general idea of the Joyce geared jack. 
A wooden handle fits into the socket shown. The 
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bar has strong, heavy teeth operated by a pinion, 
which in turn is operated by a wheel mounted on the 
same shaft with it. The wheel is operated by a lever 
and pinion. This mechanism gives the advantage of 
a fine-toothed bar for power without the weakness of 
fine teeth, as both bar and wheel have strong and 
durable t(*eth. The jack raises one-fourth inch per 
stroke of the lever, and yet the pitch of teeth on the 
bar is one and nine-sixteenths inches and on the 
wheel one inch. 

To adjust the jack for raising the 
load, turn the small crank in the 
frame near the lever straight up; 
for lowering the load, turn this 
crank straight down. 

For shop or wrecking purposes, 
especially in confined quarters, 
where a screw jack or a pumping 
jack could not be well operated, the 
hydrauHc jack is most rapid, pow- 
erful and ellicient. 

There are several designs of hy- 
draulic jar:ks, each differing from 
the others in no essential feature; 
hence it will sufilce to illustrate but one or two designs. 

The princij)le upon which the hydraulic jack works 
is that of a ])ump. The lowering is done by a move- 
ment of the handle reversed, or, as in the case of the 
jac'k shown in I'ig. 6, by a thumb screw, the location 
of which is indicated. These jac:ks can be lowered 
steadily and to any extent, without the slightest 
jar, even when loaded to their greatest capacity. 

In the jack shown the valves are all on the end of the 




Fig. 6. 

Joyce Geared Loco- 
motive Jack. 
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ram, and are accessible by simply withdrawing the 
ram from the cylinder, and removii^ a small cap. 
This enables, a person of ordinary intelligence to 
examine the valves and remove any obstructions that 
may interfere with the working of the jack. This is a 
great advantage, as none of the working parts need be 
disturbed to examine the valves and repair same when 
necessary. 

These jacks will work horizontally to two-thirds of 
their run-out limit. 

The "rocker shaft" which oper- 
ates the pump rod passes through 
a stuffing-box to prevent leakage, 
and terminates in a square boss. 

This iwrmits of the lever beii^ 
applied in any one of four po- 
sitions, which is frequently of 
great advantage when working 
in crami)ed quarters, clearing 
away wrecks, etc. 

Directions.— To fill the jack, 
remove slotted screw in the head. 

The l>est fluid for filling ia 
made one imrt water, six larts , J'°- '■ , , 

111 J 1 1* ^ F J Joy™ Hydrmnlio jBdt 

alcohol and one-half jiart of good 
oil (s|>prm preferred), well shaken tt^ether before 
putting -r. the jack. Never use coal oil, wood alcohol 
nor water only in filling, as the two former destroy the 
packing, and the latter may burst the cylinder in 
fre(!zing weather and rusts the metal. 

In using the jack, press the lever with a quidc 
sui^<?, and move the handle upwards suddenly, in 
order to give the valves a chant* to react quickly. 
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The thumbscrew valve should be screwed outwards 
a few turns when raising a load. In lowering, screw 
this valve inwards slowly. This valve, being indo- 
iwndont of the pumping mechanism, gives absolute 
control over the speed or distance of the lowering 
weight, and a half turn of the thumbscrew will stop 
the load at any point without the slightest jar. 

Should the jack refuse to work on account of the 
valves sticking to their seats or from air entering the 
l)ump, by striking the lever a few sharp blows, up and 
down, the valves will be jarred loose and the air 
expelled. 




Geiireil Jourtu,! Jack. 

The lovers arc all made the proper length for one 
man (of about one hundred and fifty pounds weight) 
to lift the full ca|>adty of the jack. In no case must 
more than one man work the lever, nor must the 
handle be lengthened, as damage to the jack will be 
Ihe result. 

The jack will work to Ik'sI advantage if the slotted 
filling screw in head is slightly loosened when in use; 
this allows the esca])e of air in the jack, and prevents 
the "springy" motion to the lever. 

Fig. 8 shows a small-geared jack of fifteen tons 
capacity, for jacking-up the box of a tender or engine 
truck. 
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Compressed air has played so large a part in eco- 
nomical shop practice, and hence it is not surprising 




to see large, jjorlablc air jacks, as shown in Figs. 9 and 
10, in use for raising locomotives and tenders, where 
the engine house and shops have compressed air. 
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Fip;. 11 shows a general view of a chain hoist with 
a pneumatic motor as an actuating medium. 




LOCOMOTIVE OR CAR PUSHER. 

The pusher shown in Fig. 1 is designed to take the 
place of the ordinary iron pinch bar, and is much 
lighter, gives a much more powerful pushing effect, 
and on account of the steel knife-edge D holding to a 




slipi»ery rail such a har is jmrticularly useful ^bout 
shops and roundhouses, where the rails are usually 
more or less greasy and slippery. 

Many devices of a nature similar to the one here 
shown are used in pushit^ cars and locomotives 
short distances. 



LOCOMOTIVE TRACK SANDERS. 

Many of the objections that obtained with the hand 
Sanders are overcome with the advent of pneumatic 
track sanding devices. 

There was, perhaps, but one advantage in the old 
hand sander- -that it would deliver more sand in a 
given time -but this was offset by its many points of 
disadvantage. Too much sand on the rails makes a 
train pull hard and, too, most of the sand deUvered 
by gravity at the mouth of the pipe falls or is 
blown off the rail, and is wasted, and the loco- 
motive, after a very few miles of continuous sand- 
ing, is entirely out of sand. To apply the hand 
sanding device efficiently to both front and rear of 
driving wheels (as on switching engines) required 
two sand boxes instead of one, while with many 
of the pneumatic sanders the single sand box 
may be used and the sand delivered to any part of the 
locomotive equally well. 

Not a few of the pneumatic track sanders still retain 
the hand lever and valve as an auxiliary, in case the 
air pump should fail and there be no compressed air 
with which to operate the pneumatic device. 

Heretofore the matter of sanding has received but 
scant attention; any gravity system which would 
deliver sand somewhere on the rail seemed to be equal 
to all needs. 

Gravity sanding devices have no part in to-day's 
progressive railroading for the following reasons: 
Such systems are unreliable; they will not deliver 
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sand promptly and at the point where it will be of the 
utmost use; they are wasteful of sand, fully fifty per 
cent, of the sand leaving the rail before the driving 
wheels reach it, and at times so seriously as to inter- 
fere with the working of the present interlocking 
switch system. The use of more sand than is abso- 
lutely necessary tends to excessive tire and rail wear; 
they are wholly out of the Une of progressive' railroad 
improvements. 

The gains sought and accomplished by pneumatic 
Sanders are: An economy in the quantity of sajid 
used, amounting to something Uke a saving of sixty 
per cent.; the use of just enough sand to bring -the 
best results and no more; the placing of the sand 
where it is most needed and so that each grain does its 
share of the work; the instantaneous application of 
sand when needed; the automatic application of the 
sand when needed without special effort on the part of 
the engineer, allowing his attention to other duties 
when Sander is in operation; a great reduction of tire 
and rail wear and an increased hauling capacity for 
the locomotive. 

In the operation of any locomotive pneumatic 
sander the air pressure should always be taken from 
the main reservoir and not from the train line, which 
might affect the train brakes. • 

THE LEACH "D" SANDER. 

This is one of the most modern and efficient devices 
used for this purpose. Among the many points of 
advantage it possesses may be given the following: 

It is outside of sand box, accessible at all times for 

29 
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inspection or when making repairs, and where engine- 
men and shopmen tan, at a glanee, undersland its 
operation. 

The resitstanc*' of the column of sand always aljove 
Ihc trap, prexents air pressure from esrapinp up 
Ihroufili the sjind l»i\ and therefore a high pressure 




larjfc pii)cs for remo^iiyj 



able air iio/zle used with Ihls style <ievi(X' 
eaii be so adjusted as to rcffulate ihe amount of stind 
diseharjied to ilie rail. This nozzle is fittai with a 
small clietU valve, pn^venting air jjaasages froir 
becoming plugged with sand 
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Fig. 1 shows this type of pneumatic sander as 
appUed to a locomotive, the trap located just under the 
running board being sectioned. It will be noticed 
that the discharge pipes are bent up fifteen degrees, to 
prevent sand from jarring out of the traps when the 
engine is running. A 1-inch plug at S is thus 
located in order to remove small stones, etc., which 
may get into traps. 

To r^ulate the amount of sand deUvered, increase 
or decrease the distance A by loosening jamb nut C 
and moving the adjusting tube D in or out. The 
greater the clearance A, the greater the sand delivery. 

Care should be taken to have the nozzles on opposite 
sides of an engine adjusted alike. 

Fig. 2 shows the appUcation to a locomotive with six 
driving wheels, of the double type of this sander. 
Care should be taken to rigidly clamp the pipes at the 
bottom, and they should be so bent as to deliver sa^nd 
direct to the point of contact between the driving 
wheels and the rail. 

Fig. 4 shows the detail parts of the Leach "D** 
Sanders. This type of pneumatic locomotive sander 
is used more extensively than any other in this 
country. 

The Leach "A" sander, as shown in Fig. 5, was in 
very extensive use previous to the introduction of the 
later "D" style. With this type, the blast is used 
sim|)ly for economy in the use of sand and for con- 
venien(*e in operating. The sand traps are attached 
to the sand box in the most convenient maiineri the 
sand is sui)i)lie(l thereto through independent outlets 
from the box, and is discharged therefrom into and 
through the usual hand lever controlled pipes to t^e 
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rail, the lo\er altarliinf^iils Ijcinj; available for use as 

(U'sirinl. 
The (lischargf pifu's, usually one and one-fourth 




I'linlil-Wlirel lAWoino 



iiH li, niusi lie lined at sufh a pilch dial saiui will (low 
tlirough tlieiu by j^rav ii y wlieii tlic lever is used. The 
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amount of sand discharged is controlled by the adjusts 
ment of cab valve. Hardened ca])s receive the wear of 
th(! sand blast. 
Ucing easily applied and maintained, conveniently 




hx-atwl for cleaning and ver>- economical in the use of 
air, they are ileservctlly popular on many roads where 
the service coiuiitions do not require the s[jecial fea- 
liircs |M«:uliar to the "D" tyi«. 



THE SUF. SANDER. 

This (l('\ice i.s an improvement on the Houston 

Sander (mil here shown), and will interchange with 
Ihe Mouslon device iiH'\cr\- particular. 

TlicaclioTi (if llic".Sh«'" Sander, a.s shown in Fig. 6, 
is llial nf a s\|)linii and ejector. TlK^syiihon used in 
coniiciliiiii wiih lliis device is es|>ecially designer' to 



r,c, LOrOMOnVE appuaxces. 

;irr\' ih''s;ni<l iliroutrli ihf piix'sioilip rail with jrreat 
'•lociiy. arid ti.sis only a small amount of air to 
i<<'nii|ili:iliihi.sri-suli. 




III.. ■ Sli,.- ^jiiiil.r, .iliii«hi« Ajiniiration to Sand Boic. 

issiiiiplf ill ctiiisiriH'iioii, bciiin so arranged that 
;iir iiii/y.jrs arc ahva\s iiiii of the sand, ami Uk'TO- 
iln'> ratiiiiii ln-i'onn-fli)jrjrc(l wliL-niiotinuse. 
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The siphon being in the center of the sand box, 
where the sand is always the driest, it can be 
recommended for service where sand is apt to become 
damp and bake in the box. 

The sand-pipes can be run around the brake heads, 
or inside of the engine frames, getting close contact 
to the drivers. 

Fig. 7 shows the detail parts of the "She" locomotive 
sarder. 

While it is only when the rail conditions are bad 
that the use of sand may be desired in making service 
stops, its use in emergency stops is very important as 
an additional means of securing a shorter stop. 

Under emergency conditions it is especially impor- 
tant that every part of the brake or stopping equi|>- 
ment be ai)i)li(xl at once and by one movement of the 
controlling brake mechanism. 



SHERBURNE\S ARRANGEMENT FOR AUTOMATIC 

SANDING. 

The simultaneous application of brakes and sand is 
best a('(-()mplished by use of the Sherburne automatic 
port plac-ed in the Westinghouse engineer's valve and 
arranged as shown in Fig. 8. 

This positively insures the application of sand 
during every emergency stop and without additional 
thought or action on the i)art of the engineer. 

This automatic port can be used in connection with 
'iiny pneumatic sanding device and can be applied at a 
small cost. 
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THIi liUri" I'Xl^LMATIC TRACK SANDER. 

Tho Huff track sander is the invention of a loromo 
live etiKin(!er of lonjj ex|)erience, and embodies new 
features suKKCStcd lo him by his personal knowledge 
of many track sanders which have preceded this one. 

The construction and ojwration of this sander are 
illustrated by Figs. 1, 2, 3 and 4, in which Fig. 1 
shows the d(;vice as a whole; Fig. 2 each part sepa- 
rate! of which it is com|)Osed; Fig. 3itsapphcation toa 
locomotive and pipe connections thereto; and Fig. 4 




ic Track Sander. 



the engineer's \al\c, in llie cab, by which the mechan- 
ism iso|H'ral(Mi. 

The body A is in.scrled into the old gravity sand 
\)]]K'. (which is olherwisc undisiuriicd) at any con- 
\<'nicnt point, citluT abo\c or below the running 
iKxird. The compressed air supply pii)es are con- 
nected at /■' /'', and ihe siind delivery pipes are led ofT 
jii (■<" (i. Tln' io\or D, oiK'rating the foot valve B, 
should be roinifcted, b\- suitable means, to the cab, so 
that it may be under control of tlic engineer. A thiu 
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sheel stpel jtartilion is intierted into the old sand pipes, 
cxlendiiiK from the dome down to the Huff device, 
forming a junction with a bridge in the device; this is 
to faciHUite blowing out possible obstructions in the 
sand dchvery \n\>e.\ as will be referred to later. Each 
of the two feed tulxw /•' contains an air adjusting 
lube //, which, in turn, contains in one end the bridge 




E. in the opposite end the adjusting screw /, and 
bi'lween them the ball valve J atid thespringK'. This 
tube // is kept from turning in the ft*ed tube F by the 
scl screw .\/. 'I'hc body A is fitttHl with a foot valve 
/J, forming its floor, and so connected, as has already 
ix'cn Si-.id, tlial it can U^ worked from the cab. The 
stem of this foot valve B passes out through the nut 
C, and ^ encircled by the spring L, which tends to 
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keep the foot valve normally closed. When the 
device is being used as a double sander the slots in the 
feed tubes F should face each other. When in use as 
a single sander one tube may 1x3 revolved until its slot 
is blankcMl against the wall of body A; the tul)cs F 
may be lirinly held in any position by the hectagou 
nut (J. 






Vie. 3. 
Huff Piipumatic Track Sander. 
(Sliowing Application and Pipe Connectioiu}.) 

The method of connecting the compressed air 
siippl\' pijHvs from the engineer's sanding valve (see 
Fig. \) to the feed tubes F F in body A is ordinarily 
th(^ same as in other pneumatic track sanders; but, if 
it is (l(\sir(Ml to emi)lo\' heated compressed-air (which 
would be a groat aih antage in cold countries)^ the air 
pipes may be led to coils located over the boiler, under 
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the sarid box (as shown by Fig. 3), and thence to the 
feed tubes F F of the body A, 

The ordinary current use of the Huff track sander 
does not call for any further explanation, but it is 
desirable to refer to some of the methods of working 
in the emergency of one or another of the sand pipes 
becoming inoperative on account of obstructions. In 
that event the engineer may, while the engine is still 
running, close the main valve in the sand box, and 
0[)en the foot valve, thus discharging the contents of 
body A, includii^ any small obstructions which may 
have collected there; then by closing the foot valve 
and working the engineer's sand air-valve (in the cab) 
he may thoroughly blow out all the sand ddivery 
pipes. In the case of an ex- 
ceptionally obstinate obstruc- 
tion in one of the pipes, which 
could not be dislodged by this 
treatment when the engine was 
running, it would still be possi- 
ble, when the engine had 
stopi)ed, to follow another ^ 
course, by plugging the mouths 
of the free \:{\)c&, and concentrating the full force of 
the air pressure on the obstruction in the remaining 
pipe. 

■ Summarizing, it is claimed that this track sander 
embodies in its construction and operation the follow- 
ing advantages: 

1. Minimum cost of application, and exemption 
from necessity of making any changes in the sand 
box itself or in the old hand-sanding apparatus under 
the sand box. 
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2. l^x^d culjustments so arranged as to secure both 
a minimum and a regular delivery of sand at the rail. 

3. The foot valve feature results in a slight inward 
suction of external air through its joints, when air is 
applied (as such appliaition creates a slight vacuum 
in body A); this tends to keep the sand loose in the 
body A, and to reduce the danger of clogging. 

4. The reasonable probabihty of being able to blow 
out any ordinary obstruction while the engine is 
running; the possibility of being able to blow out and 
thoroughly dry all pipes after an engine comes in 
from off the road, and to insure everything being in 
working order for the next trip; the feature of being 
able to use heatcnl compressed air in cold countries, 
or elsewhere, when desired. 

5. In case of failure of the air supply, the foot 
valve may be fastened o])en, and the old hand sander 
used. 



THE A-13-C TRACK SANDER. 

A sander coTi:ij)osed of but few parts is shown in 
Fig. 1 . A is 1 he connection to the sand box. C is the 
air connection heading from a small operating valve in 
the cal). Ji is the ordinary delivery pipe leading 
to Ww rail, and J) is a loose tube at the opening of 
delivery pipe/i. 

Dirrdions for Apphjimj.- Cut the sand pipe just 
abo\e the running board, or where sanders can be 
gotten at convcMiiently. 

To Clean (hit.- Remove i)lug in the top and piill 
out the loose tube D, Should air fail while on the 
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road, remove the loose tubes D and leave them out. 
using the ordinary hand sand lever. 



c 




Fio. 1. 
A-B-O Track Sander. 



THE "MUDD" AIR SANDER. 

This device is shown in detail by Figs. 1, 2 and 3, 
and is seen to be operated in conjunction with the 
original slide valve sand-lever device. One-inch 
standard pipe should be used for the forward delivery 
pipes, and one-half inch standard for the back-up. 

For the forward motion, drill a one-half inch pipe 

tap hole through the base of the. sand-box into the 

sand cavity to which the original pipes are attached, 
ao 
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the hole to be drilled between the original slide valve 
ami the outer casing. This hole should be tapped out 
with one-half inch pipe tap, and one of the short 




ThD Muild Truck Sunder. 

nip|)les scrcweii in. Tlicn drill a hole in the casing 
dired 1\ hack of tlic center of the sand box, and as near 
llic IkHIoih as possible, through which place the air- 
pipe connection. The pijw that runs from the 
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Fio 2 

The Mudd Truk Suider. 

(Plan ViewJ 




no. 3 

The Mudd Traik Suider. 
(Side View.) 
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engineer's valves should be one-quarter inch copper 
pipe, and placed under the jacket. 

There should be placed in the top of the sand box, 
as shown in Fig. 1, a one-quarter inch mesh netting 
to insure screened sand at all times. 

The back-up sander should be placed directly over 
the forward delivery apparatus, and as near the 
bottom of the box as it is i)ossibk^ to get it. 

Tlie air pr(\ssure should be taken from the reservoir 
pipe attaclied to the engineer's valve. 



I'NEUMATIC TOOLS AND THEIR USE FOR 
LOCOMOTIVE WORK. 

There is undouhtedly a dividiiif^ line between tools 
and appliances used on a locomotive and those used in 
building and repairing locomotives, .V(a it cannot fail 
lo iiilcrest pradical railroiid men if this volume con- 
veys some idea of the various usas of pneumatic tools, 




in almost ev<'ry railroad shop and roundhouse in 
Ihi-rnilcd Slates )(Mlay. 

Tlic entrravin^s herein will tell Ihe story of use- 
fidni'ss ami cxiiedjctic^- of the xarious pneumatic 
tools shown inorfcxpticilly than an,v lengthy descrip- 

liuTl LluTCOf, , 
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FiQ.4. 
Klii^ rspandiT Piisbi-r— 'I'lili' nttuclimmt, whioh can l>o api>li«l to nn^- pla«" ot 

»U'elislcirlici)i ut tliclluealiK't. 




^^^r^ 



aiiPWHi r«-miialip rill.- CiiKor-K^irli iiini'liiiic- i« ii.lni.tp.1 (.. tli 
F]te< uf tliu'i ami will cut tluiM butli i1J^illG an.] uut'-irlu ut il 
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Ki-i. t>. Chi.:i(.M I'ri.LLriNiii,' \1u.t KliiK Eiiveler Muuiited on Truf 




"Litttc (ii.iiit" l^tuv noU N'iiM'pr— 'l'lii> >inv >ir>lt may 1# cut off at uiy 
.k-.-in^J. H' 111)' ).>1L I -: lliroiiiili llip ryUna^r. WiU cut 
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Duplex air brake gauge 104 

" " pun'i])— N. Y. Air Brake (^o 49 

Dust guards, journal box 305 

Kccentrics 219 

Ecli])se reducing valve 39 

Eject or, the 174 

ICh^ctrio headliglit 9 

I*]nicrgcncy recorder, automatic 365 

Engine houses, heating 428 

** " sniok(i jacks for 432 

Exhaust nozzles, variable 320 

Feed valve, Westinghouse ** 1900" 62 

Fe(?d- water heater, Wallace & Kellogg's 327 

" strainers 351 

Fire kindlers 435 

I'langcr. snow — Q and C — Priest 366 

Flexible metallic joints 81 

Force-feed lubricators - 274 

Gauge cocks 199 

" hand or " pointer" pullers 112 

Gauges, pressure 88 

" pressm-e recording 110 

" testing 113 

" wat( r 190 

Globe valves 371 

Gold pressure regulator 36 

Gollniar bell ringer 307 

Grease cups 288 

Guards^ dust 806 
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FAGS, 

-Guide cups 2S5 

HeucdcIc " composite" inqurator ....'. 1S6 

" feed-water Btnuner 354 

" inspirator IM 

H and D feed-water strainer 8S3 

Jland oilers 2D0 

Harrison diist guard 305 

Keadlieht, electric : 9 

Heath feed-water st.-ainer ; . . . . 353 

Heating ergiiic houses 42S . 

Hi^h pressure coutrotling apparatus 05 

Hoists, power ,, 437 

HoiiiP.ilead blow-off irook 345 

" Btraight-wav \'8lve 373 

Horaish mechamcal boiler cleaner 335 

Huff autonmtifisteam blower , 314 

" pneumatic track sonder ,,,.... 460 

" variable exhaust noade Ml 

Indicator diagrams, Reading MB 

Indicators, steam engine 88S 

Injectors 184 

' Injector oil cup ITS 

Inspirator, Htuicoclc 166 

" oil cup 178 

Intermediate check valve, Swing 172 

Jack screws ' 437 

Jerome air pump pacVing. , 2S2 

" metallic packing. . , , 227 

" valve stem packing S20 

Jetpump. 174 

Johnstone blow-off cock 844 

Join ts, flc-vible metallic SI 

Journal boxes, dust guard SOS 

" " packinK in 203 

Journals, lubrication <M '281 

Kindlers, fire 435 

Knuckle, coupler, omergency. .,,..., ,,.. 4SU 

Lane pressure gauge , 99 

Lappm brake shoe 76 

Leach" It" track sander 449 

Lim.d.rckvnivc, Swing 172 

LiiiikenlieiiTifr injector 163 

Linstrom siphon pipe , 849 

Little Giant injector 169 

" " pneuntatio blow-off cock 848 . 

Lubrication 335 

" journals 291 

Lubricators 335 

Lubricator, eyhnder — Wallace & Kello^e 827 

Mason reducing valve -, . .' 83 
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McCanna force-feed lubricator 277 

Mcintosh pneumatic blow-off cock 330 

McLaughlin's flexible metallic joint 84 

Meady safety valve 124 

Metallic joints, flexible 81 

Metropolitan injector 152 

Michigan sight-ieed lubricator 264 

Moran flexible metallic joint 83 

Mudd track sander 465 

Nathan " Monitor" injector 151 

" "Simplex" injector 148 

New York air brake, duplex air pump 49 

' " " " triple valves 63 

Niagara injector 168 

Nozzles^ exhaust, variable 320 

Ohio injector 167 

Oil cellar, engine truck 280 

Oil cups 284 

Oil cup, injector 173 

" inspirator 173 

Oilers, hand 290 

Open cups 287 

Packing journal boxes 292 

Packing, metallic 221 

" rod 221 

Piston valve 197 

Pneumatic tools 469 

Pop safety valves 120 

Power hoists 437 

Pressure gauges 88 

Pressure, high, controlling apparatus 65 

Pressure recording gauges 110 

'* regulators 30 

Pullers, gauge hand or " pointer" 112 

Pump, duplex air — N. Y. Air Brake 49 

" jet 174 

" regulator — Mason air brake 203 

Pusher, locomotive or car 447 

Recorder, emergency automatic 365 

" speed, Boyer 407 

Reducing valves . . . . : 30 

" wheels, Ashcrof t 399 

Regulators, pressure 30 

Regulator, pump, Mason air brake 203 

Relief valves 371 

Revolution counter, Crosby 421 

Richardson balanced slide valve 182 

" combined pressure and vacuum relief valve 377 

*' relief valve 375 

Ringers, bell 307 
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Rod packing 221 

Ross steam pressure reducing valve 43 

^aTety valves, pop i. 120 

Sanders, traoK 448 

Sansom bell ringer 3n 

Sargent brajce shoe 70 

Screws, jack » 437 

Seibert sight^feed lubricator 271 

Sellers' f^-water strainer ; 351 

" injector , 139 

"She" track sander ; ". 455 

Sherburne's arrangement for automatic sanding 458 

Shoes, brake 68 

Siphons •. 92- 

Siphon pipe, Linstrom ; 349 

Slide valves 181 

Snow fianger — Q and C— Priest 356 

Special automatic relief valve 45 

Speed recorder, Boyer 407 

Spindle feed cups 286 

Star pressure gauge 100 

" safety valve 122 

Stay-bolts 212 

Steam and air copuler, automatic , 346 

" blowers, automatic 314 

" chest vacuum valves 374 

" heating, directions for management of, on trains 31 

" engine indicators .' 383 ". 

Steel, cast, for locomotive parts < 425 . 

Swab holders 234 

Swing intermediate or line check valve 172 

Taafel pressure regulator 41 

Tabor steam engine indicator 391 

Tender brake shoe "73 

Testing boiler apparatus 171 

" gauges ' 113 

Thompson steam engine indicator 403 

Tools, pneumatic 469 

Track sanders 448 

Trains, heating by steam . . . / 31 

Triple valves — N. Y. air brake 53 

Truck brake shoe 73 

" oil cellar : 280 

United States air pump packing 231 

" " metallic packing 222 

" " valve stem packing 225 

TJtica pressure gauge 102 

Valve, blower, C. & N.-W. R'y 818 

" brake, new engineer's — N. Y. Air Brake Co 358 

" check, swing intermediate * . . . 172 
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Valve, feed, Westinghouse "1900'* 62' 

" globe 371 

" piston 197 

" reducing 30 

" relief 371 

" safety, pop 120 

" slide 181 

" triple, N. Y. air brake 53 

Variable exliaust nozzles 320 

Wallace & Kellogg's air pump exhaust, feed-water heater and 

cylinder lubricator 327 

Wallace & Kellogg's variable exhaust nozzle 321 

Washing, boiler, apparatus 171 

Watel*, feed, strainers 351 

Water gauges 19f> 

Westinghouse air brake — Westinghouse "1900" feed valve. ... 62: 

Whistles, steam 208. 
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THE SCIENCE OF RAILWAYS. 

A Library of Reference and Instruction, portraying the methods and prin- 
ciples connected with the organization, location, capitalization, construction, 
maintenance, equipment, motive power, operation and administration of rail- 
roads, profusely illustrated with engravings of railway appliances expressly 
prepared for the work. It is a treasury of research and practical experience 
portraying truly and vividly the practices of the great art of railway trans- 
portation in their highest and best forms. 

*'A work having the unique distinction of being both comprehensive and thorougn. 
It win never cease to be of great value.*'— Marvin Hughitt, President, Chicago & 
Northwestern Hallway. 

"There is nothing in railway literature to be compared with these books In extent 
or value."— Sir William C. Van Home, Chairman Board of Directors, Canadian Pacific 
Railway. 
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way properties."- William H. Newman, President, New York Central & Hudson River 
Railroad. 
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"Useful to all who desire to gala some insight into the arcana of railway manage- 
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PRIMITIVE CARRIERS. 

A unique and rare work of art, in portfolio form, embracing fifteen hundred 
beautiful engravings portraying the primitive peoples of the world and their 
methods of carriage in every age and quarter of the globe. 

*'A more Interesting series of Illustrations It would be difficult to Imagine, or one 
that could give more clear and positive instruction in the history of humanity."— 
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THE ROMANCE OF GILBERT HOLMES. 

A romance of the Mississippi Valley in the early days, told with captivat- 
ing power. The critics declared it ranked with the best of its kind. Strong 
in plot, the most stirring adventures are interwoven with a love story which 

is idyllic and full of charm. 

"Of the beauty and delicacy of the author's touch there can be no question.*'— Chi- 
cago Tribune. 

"The book Is delightful. Full of quotable things."- TheChrlstlan World (England). 

"A vivid and stirring picture of adventure. Incident and romance that holds the In- 
terest of the nader from toe start. A pretty love story runs through the book, told 
wit h so much delicacy and tenderness that It is adlstlnct charm."— Baltimore American. 

••The real strength of the book lies In the life-like portrayal of Abraham Lincoln 
and Stephen A. Douglas, as well as Jeflferson Davis. The daring venture of introduc- 
ing these men in a romance has been crowned with success."— The Philadelphia Press. 

"A striking picture of a romantic period of American history. . . . Possesses the 
primordial attraction of a really Idyllic love story developed with a delicate charm 
which stamps the writer as a literary artist."- The Empire (England). 

ISKANDER. 

A romance of the Court of Philip of Macedon and Alexander the Great. Pull 
to the brim with stirring achievements. A page of history rewoven with the 
warp and woof of love and hate and intrigue and conflict. 

"A highly entrancing romance. Full of sound historical Information and bristling 
with exciting Incidents of war and conquest."— Aberdeen Free Press (Scotland). 
"A delightful love story."— Philadelphia Inquirer. 
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